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PREFACE TO THIRD EDITION. 

ThismlB-htwIth propriety be called the lourtb edltloQ-the mitlii l<le« 
of tha wot-fa haTini: been embodied in a pamphlet under tlie same title, 
published in wra. but long sinre forgotten. The Bucceiwlve edltlnua 
hava reached Ihalr prEBOnI torm by npcrotion. rather than by develop- 
ment; like Topae J. the book haa "Browed," rather than been ' brought 
up.ondjuBt OB that youQR lady oxhibllpd Dumeroaa tmlts which won 
inconsistent with a proper tralnloB. no this book shows patch-work and 
iDequslities which do not add either to its value or its attnictlvoDuiw. 

01 all this the anthor U fally eouscions, aod it he coiitd posolbly have 
secured the tioceBBary leisure be would Klodiy havn rewritten the entire 
volume. IJut pressing, or rather imperative lalla upon his time, havn ' 
prevented this, and he has, therofom. been compelled to feel satisfied 
with such BeneralrevlBlOD and additions as were necessary to brine The 
work up to the present state of our knowledge. 

The book la sIUI intended tor besinners and ban viwaeed nothlPt! o( 
IN elementarr character. It is tme that we have loaerted a few paffes 
ri'latlnB lo the higher class of objectives, and the accessories used with 
thorn, but (hose who do not possess such apparatus can eatily skip 
these pasaaeea. 

That It Is suited to the purpose for which it was intended, we 
evidence, not oaly in the extended sals which it hoH secured, b 
the tact that It has been adopted as an aaxlllary text-book hi several 
of our schools and colleges. 

Sea rork. Jatmery, 1881. 



PREFACE TO SECOND EDITION. 
The t^LCt that an unusually large edition o[ this work has been sold in 
a comparatively short period. Is. to the author, evidence that aueb n, 
work was needed, and that the present volume hoe, to a certain ei 
supplied the want. In the present edition, therefore, he has endeavored 
to Introduce several important impravoments, while ut the same time 
the elementary character of the work remains unaltered. With a few 
very slight and unimportant eiceptions, tlie entire matter of the formor 
edition hivH been Incorporated In the present, and In addttlott scleral 
importiuit Huta'eKts. particularly the chapter on o\iiPiM.Viefe,^\wjw>»«n. J 
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JIany Important poiatB will rnniiiiii iinl"n'-hBd, butittobelteW tl 
in Its present (nrm moet bi»ginnocs will find In it all the Inlormntli 
that tlier muy reauire upon general topics. 

As tlte want oF all illuatrationB ot the etands ut different makeTs. 
of many accessories, lias been nrged bb an otgection to tiio QrEt edition, 
and as wn have not doEtnod it advisable to tuiiir supply tbie omission in 
tho present iasue, a word ol explanation may not be out of rla<:e. One 
great objei't in view in tbe preparation of this book was the faraisbinB 
olixrheap manual for those wljomnnot afford the more exponBivebootCB 
ot Carpenter. Beale. Proy, ew. To have given anything like a fair rep- 
resenlation ot the produots o( the different makers of this country and 
of Euroite, would hBTs nearly doubled the size and price o( tbe voli 
But if the reader will examine the engraviogB of stands, 
books juat mentioned, he will find that, even in tbe bost o( them, thi 
lIlustrationB are mere reproduRtionR i^f tho flfruros found in the deeorii 
tiTe lists of the varioue dealers. A.'* new editions of these lists are beina' 
(wnBtantiy Issued, and as tbey may In moBt cases be obtained without 
coat from tboHe thnt publish them, we have thought it best to refer our 
rsadera to theee tratalogues for information iu ragardtothe constructigp 
oCthe instruments of ditfereut makers. For the addresses of the promt-- 
nant mtorosoope makers of thie country and Enrope wo refor 
readers to " The Mlcroseopist'a Annual," 

In this, as in the previous edition, we have omitted all descriptions 
objeots, believing that the propor aim of a book on the mioroBOo] 
should not be to teach tbe general principles ot botany, zoology 
histology, but simply the boet methods of using the microscopa In 
pursuit ot these studies. The proper books in which to find a descd] 
*'Ion of objects, are those which treat ot that department of science 
takes oognlxance ot the special subject under consideration, 
present volume is intended merely us a guide Ui the beat eeni 
methods ot using tho microscope. 

It has l)Ben a source of great satisfaction to the author to bi 
by those whom he deems good aulhodty, that this little book 
much to foster the nee of the microscope In thlG country, and he hi 
that tbe present improved edition will tend to still [urthar increi 
deep interest which is already felt In an instrument which hn 
more than any other to extend our knowledge oI organic nature. 

JVmo York, Awrast, 1877. 
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TheHicroEcope uidita upplicatlonBin the Arte, KDdln general sclenoa, 
having deaerredlr occupied a prandoent place ia tUo pages uf The Te^o. 
soLoaTBT, OB ItcDDBXtuAi, MnNTHLT, & Very large number of eDquiries in 
Tef^iird to the best metbodB of aaiag and appljlog tlila Qsefat instrument 
bare been directed tons. It wonld bave been easy to anawir theee en- 
qouiea by a reference to Home one of the many treatises that have besn 
publiabedon thia Buhjact, bnt as moat of these wotka are eipenslvd, and 
aamany of onrecrreapondeDta desire an auanor In a more concise and 
umple shape, wa have endeavored to give, ia cheap and compact turm, the 
information that is moat aanally dnmanded. 

It is an nnfortnnate fact that while the microBCope Is daily growing In 
favor with thoae who know anything of ita achievements, the oporatian» 
of certain parties, too well known to the public, have brought a certain 
degree of Buspidon njion all allompts to popnlarize tliie tooat valoahlB 
iu«trameat, Miaroacopes, varying in price from twenty-fire centa to two 
dellara and a half have boon offered for sale, and the cltiini made for them 
that they are capable of allowing clearly tlie atmctare of the more min- 
DtetiaBues, and that they may bo naed to advantage by phyBluiaoa and 
□aturallsta. To the young student wboaemeana are limited, and to tbs 
couD try pracHtloner, whose abiUty to supply himaelf with needed books 
and inBtrmnentB often talis far abort of hia deairea, the offer of a, service- 
able microSGope for a Conple of dollars ia a great teioptatioD, and wben 
the inatnunent in questioo is endorsed by a iong Hat of clergymen, law- 
yers, and even editors, this temptation becomes irresistible. And if the 
pnrcbaser should happen to be unfamiliar with really good microscopes, 
and unable to dlacritninate between a clear and ajcurately defined -view 
of any object and one that ia distorttid and incorrect, be may be led to use 
it,ind80 failioto the moat aerions mistakes. That this, uufOTtQnaCcI;., 
do^Bbappco too often ninst be well known to ttl.\vi\io a.ic^i'vrSi.wsS.'Oii.'toa 
fubject, tnd it is »(ljjin our own knowledBS Itsi^ tt«Taoa\ •«'ilS:t!tot* t:**^ 
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CBtnre of ■ microicope hu beeu paccbased auiI usud under snclt circrull- 
■tuicea. 

We indulge n Mnt hope tli)i,t the uirorillatioiiconTe;ed in the foUoiriiig 
pages will eiiHbls the iDeipurienced re&dor to B.Told theso mietsliija, ani lo 
&BBigQ t, proper value to the oertiBeateB of clergyineD 1.1111 edltore who 
voniili raithe eicelleni^o of articlGB coDBcrDitig nlioee properties ftod luea 
thej are profouudly iguoraDt. These two claBses we giugle oat for repco- 
bktiOD, becatuo — In this riiBpect, at least — theyBtemtu be Binnera ribovB 
all other men. 

As Htaled in the titie pagf^, it iB iDtentlod for heginjiera, and not for 
begiunera in thtt use of the mlcrasoope onl7, but for tljoee who hare had 
little or no eiperience in the nao of ingtrnmenta of any iiind. Hence the 
directianB that sre giren are of tlie very simplest kind, and iQ theoretical 
Bxplsnalions liaTB been avoidrd, for the reaaon tLat aDj person tljat is 
deglrmta of Btndfing the optical principles upon nhich the uicroBcope is 
conatmcted will find in the ordinaTT test books on natural philosophy M 
the inforniBtiun he may want. Oar object ha,B been solely to impart such 
information aa will enable the reader to make a, beginning in the praelics 
of microscopy, hoping that the atari Ihna given will lesd him to proceed 
with bis studies, and nltimntely acquire tliat knowledge, skill and dexter- 
ity which will enable Mm to avail himaclf of Ihe eitraordinary powers and 
advantage B which the Dse of this inatmmont caofcrs, both iu scienlifla 
porituitB and in STerydsy life. Above all tliinga, therefore, we have en- 
deavored lo be accurate In our Btatcmonts and judicious in our directions, 
and the reader is assured that no proccascB or methodB are given irbich 
we ooraelTes have not frequently and Buccessfully put in practice. 



JTcto Tork, January, 167E. 




ThoQBandB of microaraipes thronghont the conntrf are at the pres- 
ent d&j lyiog idle, Bimpl; becHunti [li^ir owners do not know hov to 
use them. If properly smployed they miglitba made to afford ■n 
inealcQUhleamoaQt ofinstrQCtion aod amiiHemeDt-, but, aaitia, thfy 
are a drag upon the popularization of science, beunnse they oonvfy 
the Idea that the microacope is a difficult iiistnimpot to use, anil 
that it ia not of mnch Hccouutafter we hare lenrncd to nse it. The 
ownera of these nucroscopei haTe eiamined all the monnled object* 
at their command, the entire naoiber of wbiult probably does not 
ezaeed two or three dozen, and they have no in for unit ion as to the 
beat methods of preparing common olijects tor eiamination or pre- 
Bsrvation. Even the objucbt that they poasesa hare never been ex- 
plained to them, and ore merely pretty toys. The fly'a eye is inter- 
esting beoHUSe it looks like a pifoe of uettiT<g, and the butterfly's 
Hingis attractive becanae it is probniilf a litlla more brilliant than 
the most brilliant silk dress, bat neither of these objects interests of 
itself and becnnse of its beantifiit sCruolnre. 

UoreoTer it often happens that an instrament ivbich, 'nh<u first 
purchased, was of very &ir qaulity, hna, tUrough ignomuie and 
caiele^snees, become so KOilfd and dimiaed that it no linger serves 
the purpose iateuded. On more than one occasion have via seen a 
fiue microscope leave the dealer's hands in excellent order, and re- 
turn in a Teek entirely unfit for use. Microscopes in this onditioo, 
instead of being a source of iuBtruction and plcasnra, are an eyesora 
nud an oooasion of aunoyaoce. They continually serve as remindem 
ol awkvardnesB and failure, of wasted time and ill-spent money. 
And yet with proper instruction and a due amoont of cure all this 
might hare been avoided. 

It is also a fiict to be regretted Chat heretofore the microscope has 
□ot been extensively employed ia the arts, aud in everyday life, 
simply beeanse practical men have not been taught how to ase i^ 
and consequently have been QQDble to avail themaelTes of the advnu- 
tages which it offers; but if oarefnily aud judicionsly selected, and 
properly handled, it is enviable of affording an amount and kind of 
assistance which cannot be safely neglected. It may be made to aid 
in the einmiuation of raw materials, aud of the finer kinds of work; 
it will enable us to measure spaces which would otherwise be inap- 
preciable, and this, in an age when evan iu ordinax^ macVvoft, iao^ 
Iba thoaaaadth part of ttu inch is frequenlVj aii\tu^i^\A i^ib.m.'C\\^, 
readeraitindispeaBahle to tha oaroM aai BfeMVtnX aiQc\va.-\v.tt-,wi. 'Sq» 
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Litai it Till enable ths HgiiciiUuiift to iMamiiia cliMielf and minutel; 
the TsriouB noiiouB iuBeotB and forniB of fuugi and blight, and thna 
aidlum in identifying them and applying the proper remedy; and 
in the examination of miaute seeds, enati as timothy, cloTer, etc., it 
will piova aTei? Tulaable asalstant, enabling him to detect any in- 
feriority in the quality, or any imparity or adulteration. Frequently 
the agricultural seeda offered in market contain minute eeeds of of- 
fensive weeds, many of whieh are BO small that they are not eaaily dia- 
covered by the naked eye. 

Every farmer and mecb 
eyes, andhe aUo knows that ai 
power in buj giren direction al 



i knows the value of a good pair 
u agent which doub'cs or trebles 

^B confers upon ns in that reBpsct 
a superiority over onr fellowa. Very few men are twice bb Btrong as 
their comrades; still fewer have three times the Htroogth of ordinary 
men, sndit may be Bofely affi.rmed that uo man poss.Bsea the power 
of ten ordinary men. Bat a microscope of very ordinary capacity at 
once muitipliea our powers of sight by tan, twenty, or even a bim- 
dred times, while thoae of the better class enable ua ti 
with a heenneBs and clenmeaB which, whea compared with that af- 
forded by the naked eye, is as more than a thouBaud to one. 

There are foDc distinct and important direefioaa in which a mi- 
eroacope may be made to serve ua: 1, It is capable of affording tlie 
most reSned and elevating kind of pleasure by the exhibition of ob- 
jects of extreme beauty and interest. There are few more splendid 
sights than the gorgeous colors displayed by aome objects when 
viewed by polarized light, and even the tints of certain minerals, 
and thebrilUant scaleH of certain insects, when viewed as opaque 
objects, by means of a good condenser, snrpass anything that is 
familiar to as In our ordioary experience. On the other hand the 
eiquiaite beauty of form which is characteristic of most of the ob- 
jects with which the microscopist concerns himself can be fully ap- 
preciated only by those who have seen them. As a Bourae of in: 
□ent amusement and pleasure, therefore, the microscope hoA few 
no equals; for it mny be safely afG.rmed that a five-dollar instrument 
ia capable of aftbrdiug gratification of greater variety and intenaily; 
and of longer oontiuiianoe, than that yielded by anything else of 
the same cost. This arises chiefly from the fact that most other in- 
struments, when once exhibited, with their slidcB or fixtures, lose 
their freshneas and interest, and heoomo old. While for the miero- 
acope, a few fibres of wool from the carpel, a few grains of sand from 
tie sea-sLore, or n handful of wild flowora from the field, yield oli- 
aota of snrpaeaing faeanty. EverjtliinB miiatat* rai.i.vn.»A"iiiB5 Vw 
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tabj^tited to inspwtion bj- it, oJiil vill Iheo disclone uew besolieK 
and fresh. Gouices of kooicledge. Uuder it the point of tbe finest 
CEunbria needla looks like n crow-biir, grooved add Beamed wilh 
Bcratchea; the eye of the fl; is seen la consist of (boiiKOiDdB ol eyes-, 
BQd th« duBt oa tbe btitt«r9v's wing appears to be whrvt it rettUy is, 
Hoales laid oa with all the regalaaty of ehingles or Elates on a honse; 
while to prepare and examine these simple objects requires no groat 
iikill and no ekborate Bppumti]<i. 

2. As n nieans of imparliiiB iuatructioa to tbe y onag, the micron- 
cope has DOW become indlspen sable. Tbe changes wbicb of lata 
years have taken place in the views held by our ablest men in regard 
lo the best edacation are too well known to need even mention. 
No edacation that does not iaclade a knowledge of natural science 
ia now regarded as complete, and there is a very wide range of Ihe 
inOHt eeaential and praotical knowledge that can be reached only 
throngh the microscope. Thos, when we look at a leaf with thu 
naked eye, we sue bnta green mass of matter, possessing a certun 
beautiful form, it is true, but diBclosing none of those organs which 
render it more ooraplicatcd and wonderful than anything ever pro- 
duced by our moat skilful meohanim. Looked at by the micro- 
scope, however, this same leaf is found to be mado up of iunumer- 
able parts, each one of which ia highly complex and Ueiintiful; it ia 
fomiahed with mouths for brenthiug. with cells for sloring, digest- 
ing and assimilating nutriment, and with ribs for H'tr(tugth'>uingits 
straotore; and all this, which is perfectly invisible to the nnahsisted 
vision, becomes distinct and obvioas when we call to onr aid a 
microscope of even moderate power. It is true thut much of this 
may be taught by means of books, engravings and verbal descrip- 
tiODB, but every one knows that for distinctness and impresui Tenets 
the very best engravings fall far abort of a view of tba real object. 

3. As an inBtcument of research, the miccoacope uow occupies a 
position which is second to none. There is hardly any department 
of soieuce in which a student can hope to reach emiucuce without a 
familiarity with the microBcope. Botany and Zoology have been 
developed almost wholly by its aid, and so nenessiiry is it in the 
stady of these sciences, that Scbleiden, one of the most successful 
of investigators says of it: " He who expects to become a botanist 
or a zoologist without using the microscope, is, to say the Itast of 
him, as great a fool as he who wishes to atndy the heavens witliout a 
telescope." In chemistry its services have been very important, and 
ingeology and minemJogyit has opeaeil up new &t\iB tA xewra.^ 
rhJab aloioit promisa to tbtoIu lionize tbeaa scicncea, lR.aaa(5«i.'a''ii»* 
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Iniig Boknowledged Ihe microscope 8.B one of iIh most efficient ag- 
Hiataute, and in. the practice of the best physiciaDS It is regarded bb 
ua indiapenBabla means of diagnosis in tome disenses. 

i. Aa an BBsiHCantin the arts. Its importiuice iu this department 
ta bat Jasb beginning to be recagnized, and in a former psjagraph 
we have endeavored t« point out a fe^v of the subjects to wliich it 
may be applied with good hopes of snccess. 

These important and obvions advanfageH are not difficult to secure, 
provided we avoid two mistakes which are very commonly made by 
begioiiers. One of these oonxistfl in sapposing that it is only by 
means of very eipenaive and complicated instmmeuts that anything 
of vame can be BCDomplisbed in microscopy. Now wbile it is oer- 
tain that, in some departments of etndy, none bnt the very beat 
microsoopes are of any valne at all, it is equally certain that a very 
wide range of stady and of practical work can be thorouglily cnlti- 
vated by meaaa of apparatus of very moderate cost, and of great 
simplicity of oonstrttction. The great discoveries of Ehienberg, 
which opened up entire new fields of research and of thought, were 
made with a microscope which at the present day would not com- 
mand $25. ludeed some of the French lustraments that are sold 
far $15 will show a very large proportion of the objects that are 
figured in bia earlier works. Most of the great anatomical and 
botanical discoveries were made with simple micioscopes of no great 
power, Bad it is not many years since one of the most sucoeaafnl 
wotkersin the field of botany gave it as his opinion tbat a power of 
300 diameters is cnpalile of showing everything that is of impor- 
tance in this science. 

The other error is of precisely the opposite kind. It is not at ell 
nnnsnal to meet persons who seem to think that all that is necessary 
in order to become a microscopist is to bny a microscope and place 
objects under ill Snch people always entertain an exaggerated idea 
of the power of the microscope as an instrument of research. For 
example, they think that in order to detect adulteration aU that is 
necessary is to place a sample under the microscope, when all im- 
purities will at once stand out conspicnonsljl To their imaginatioa 
every blood corpnscle is clearly marked with the name of the animal 
from which it was obtained! 

Truth lies between these eitremes. No progress can be made 

without steady application and persistent labor, but any person of 

^r average ability and a moderate degree of peraeversnce can soon 

/aura to /d/ZoB- (fie beaten track at leasl.U not to branch out into 

WarigiiiaJ reaearuh. 



THE SELECTION AND USE 
THE MICIIOSCOPE.3 



What is a Microscope 1— The micioscope is an instrib- 
taeut which euables ns to see eitlier very miunte olijecta or 
veij minute ports of targe objeota. It is a very popiiliir idea 
thftt the name »nicj-oseqpe ia applicable only to complex inatru- 
njents of considerable power; but this is clearly wrong. A ton 
cent mugnifyiDg gloes lias as good a right to the name micro- 
scope as lutH a complicated binociilur iustrument witli nil the 
latest improvements. By common conaent, however, the small 
hand instrameuts, without stands, are generally called mar/ni' 
Jlert. An attempt has been made to introduce the foreign word 
loupe as an equivalent of magnifier. Tiie word loupe is, how- 
ever, superfluous, and is used only by ostentatious pedants, and 
by foreigners who are ignorant of English. 



What the Microscope Does.— It is well known that 
the fnrtlier off auy object is, the les.s it appeara. A. house at a 
diatanoe appears less than a man who is close by, and the dis- 
tinctneBB with which an object is seen depends largely upon its 
apparent siae. Thus, at a distaace, a house not only appears 
very small, but the windows cannot be diatinguiahed from the 
rast of the buildiug. As wc draw nearer it becomes apparently 
larger, and the different parts become more distinct. First the 
windows are seen clearly, then the icidiviiltiol panes of glass, 
then the bricks, and finally Che grains oE the m&tei:u.l ot vh.\ek 
the bricks nre aiade. WJien, however, we a'p^TOWiV toi Oiiw^-^ 
m itgaia Sad it iaijjosaible to see diatincflj , a» iiitt.^ «a»i!»>1 '^ 
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proveil by a rery simple experiment. Piuce some fine print, 
Biioh, for example, aa the present page, at a distance of six feet 
from the eye, and gradually move closer to it. At six feet the 
letters will be indistinguishable; ftt two feet they will be quite 
distinct; at one foot still more distinct; at three inches they 
will be quite blurred. There is, tliaretore, a limit to the degree 
of closeness with which we con approach any object for the 
purpose of examining it, and the object of a microscope is to 
enable ns to get close to it, as it were, without blurring c 
view. It', without changing the distance of the eye from the i 
paper (three inches) we iutrodace between the two a lena of o 
inch focuB, and bring it into proper position, we will find that 
the indistinctness formerly oomplained of disappears, and the 
object is now not only seen clearly, but appears very mnch 
magnified. That objects iipi>ear large in proportion to tbeir 
nearness to the eye may be thus sbown: Take two slips of J 
paper printed with type of the some size (two clippings from a / 
newspaper answer well) and plooe one at a distiince of ten 
inches from the eye and the other at a distance of five inches — 
the edge of the upper slip being placed so as to lie about the 
middle of the lower one. In this way we can readily compare 
the apparent sizes of tbe type on the two slips, and one will be 
fonnd to appear gust twice aa large as the other, though, of 
course, we have the evidence of our senses to prove that they 
are precisely of the same size. Moreover, as the usual distance 
for distinct vision is about ten inches, in persons of middle 
age, it will be found that a lena which enables ua to view any 
object clearly and distinctly from a distance of one inch, will 
enable ua to sec it just ten times larger and ten times more dis- ., 
tinctly than we could do when looking at it from a distance ot J 
ten inches. A consideration of these facts led the late Dr. J 
Gojjng to propose the name engiscope as a snbstitute for the ^ 
word microscope — the word engiscope signilyiug to see things 
at a very short distance. 

The facts which we have just detailed mnat, however, be re- 
garded as illustrations, rathertlion explanations of the action ot 
the microscope. It is evident that the power of a lens to in- 
crease the distinctness with which anyobject is seen, depends 
noi onljr apan Wie action ot the lens upon. ttl6Ia.■3Bot^ia\^V,htlt 
apoatb* injflusace whioh suob modifiad \\4li\, «T^4-rt» ■ayin'iSi*- 
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orgiuu o{ Tision. Now, the ejo, oouHiJered merely as an optical 
inBtrmnentr, ia in realtCj a amall cimm'-i iibscurti in whioli the 
oomea, ar;BtnIline lens, and other transparont portions, combioe 
to throw upija the retina an image of eitemal objects. That 
the tranapftrent portiona of the eye do in fact act as u lece, and 
throw It real image upon the relina or posterior portion of the 
eye^ is easily ahowa by taking the fresh eye of an os and grad- 
ually sbaving off the ooating at the bnck nntil it becotnea 
transparent. If the eye, bo prepared, be then beld lowards 
a window or any very bright object, a distinct but inserted 
image of the window or oUier oljjnct will he seen on the coat 
of the eye. 

The action of the eye in this cose ia the same aa that of a 
lens, and the general mode of action of lenses under such oir- 
Famstances may be easily iHustrated by means of a common 
hand magnifier or even a spectacle glass. If the reader will 
hold before a window, at a distance of, say, six feet, a sheet of 
white paper, and will place a magnifier in front of the paper, 
then by properly adjuating the distance between the magnifier 
and the paper, a pictnre of the window will be thrown on the 
latter. It the magnifier and paper be now remoyed to a dis- 
tance of twelve feet from the window, the picture of the latter 
will be only half as large as it was in the first place, and it will 
also be found that the distance of the lens from the paper will 
have to be readjusted aud made loss. 

That the eye poBsesBes this power of adjustment we are all 
conscious, for we feel that if, when the eye is adjusted tor the 
distinct vision of distant objects, we suddenly look at those 
which are near, the condition of the eye requires to bo changeil 
liefora a distinct view can be had, and to mnke this change 
requires an effort of which we are perfectly conscious. 

'When a lens is held in front of a sheet of paper, so as to 
throw on the latter a distinct image of the objects in front of 
it, the distance between the paper and the lens is called the 
focoi diilnnce or foail k)i;/lk of the latter. This, aa we have 
jiiat seen, varies with the distance of the object which gives the 
image. In order, therefore, to secure a standard iu this 
respect the object seJected ia always one w\ioa6 5\s\,Kaca S.^ »« 
groat that it may bepractioally regaxcLed aa Vtt&aViA. 
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9 an object, first at a dietanoe, and tlien 
close at baud, ne see it through the medium of two different 
seta oF raja, those in the latter case entering the e;e in such a 
diiecUon that the image thrown on the retina is larger than the 
image produced when the object is more diBtaut, The lens acts, 
howover, bj bending the rajs so that the same set, which, if 
allowed to pursue their natural directioQ wonld not produce a 
distinct image, are caueeil to enter the e;e in such a direction that 
the image is large and clear. The manner in which the lensactfi 
to produce these effects isnot difficult to understand. Itia truo 
that the uUintate causes which produce these phenomena are 
beyond onr knowledge, but in this respect the ablest philos- 
opher has very little advantage over the veriest tyro. It may 
be diflSeult also for the general reader to follow the mathe- 
maticul demonBtrations of the action of lenses. There are, 
however, a fei7 simple facts which are easily understood, or at 
least demonstrated and nccepted os fiicU, and which, when 
cleai'ly and firmly grasped by the mind, render the coustmotion 
of tlie microscope eompaiatively easy of comprehension. 

There are two ways in which the Bnbject may be studied. 
We may esamiue the facta esperi men tally, by using lenses 
and actual eyes in the wny we have described, or we may fol- 
low the course of the rays as laid down in any good book on 
optics, A combination of both methods will of course give 
the cle>arest views on t!ie subject, and we would therefore ad- 
vise the reader to provide himself with a few lenses of various 
degrees of curvature, and consequently of vurions magnifying 
powers, aud teat all the statements made in the text. He n ill 
thuB acquire such a practical knowledge of the action of tenses 
HS can be obtained in no other wuy. For this purpose the 
cheapest lenses are good enough. One or two cheap magni- 
fiers and a few glasses frcm old spectacles will serve every pur- 
pDse, The simplest methods of arranging snch lenses will be 
found iu a note on a subsequent page, and although very ac- 
curately made tools are required tor the construction of ser- 
viceable optical inatniments, it will be found that a very 
laJS'e number of simple but valuable eiperimente may be 
worked out wilb the aid of a few woodeu rollers and a litllu 
pojier anil paste. 
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or TB« MTOBoaoom, i9 ' 

Wliile tbe magnifTiug power of lenses depends upun tbeif 
foool leugtli, this in turn depends upon the material of wLicli . 
the lena is mode, and also upon the curvature given to its sur- 
faces. Lenses of preciaelj the same form, and made respeat- 
ivel; of diamond, flint ghiss, crown glass and Canada balsam 
would possess different magnifying powers; the diamond mag- 
nifying moat, the flint glass next, crown glass nest, and Canada 
balsam least of oU. On the other hand, of two lenses noniposed 
of the same material, that which has the sharpest curvatnre to 
its surfaces will magnify ninst Now, on reflection, it will be 
evident to even the least mathematical mind that lenses which 
have very sharp or quick curves must of necessity be small. 
Suppose the curve which bounds the flgnre of a lens has a 
radios of half an inch, it is evident that the largest lens which 
conld be made with this curve would be one inch in diameter, 
and then it would be a perfect sphere. Most lenses, however, 
resemble thin slices off the spheres, or in some cases two such 
sliues joined together, so that the diameter of the lens is in 
general greatly less than the radius of the curves which form 
its surface. Therefore, we see that all lenses of high power are 
of necessity small, and when lenses are required of very high 
power they become so minute as to be handled only with great 
difficulty. Indeed, before the modem improvements in the 
microscope, many of the lenses used by scientilic men w^'re 
nothing more than little globules of glass, brought to a round 
form by fnsion. 

We have made this lengthened explanation of a very simple 
matter because we have found amongst beginners in micro- 
scopy a very general idea that large lenses are the most power- 
ful. "Send me one of your largest and most powerful mag- 
nifiers," is an order with which every optician is familiar, and 
yet such an order contains a contradiction In terms. A lena 
oannot possibly be large and magnify greatly at the some time, 

Tbe Different Kinds of Mi croBCOpes.— Microscopes 

are divided into two classes — simple and compound — the dif- 
ferenoe between them being purely optica\, a.niinAni.eiSttMi'icsii.-, 
tor a simple microscope may he very ijonip\KS. aai ci.'^eoai^eii 
»luJe, <m the oUiei Land, a miccoBCO]^ e maj \ie camp<wnA s^^ 
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^H jti contain verj few parte. Thos the little vertical Fnooli 

^^B mieroaeopes, which cost ouly $2,50, are cmnpouati, although 

^^K very simple in conatmction, while a simple microfloope, it bin- 

^H oonlar, and provided with all desiiiible adjustments, taight ba 

^H a V6TJ oomplioated affair. The difference between simple and 

^V cmmpouDd microscopes ia this: id the simple microscope wa 

look at the object directly, while in the eompouud microscope 

we look at a magnified image of the object In the simple 

microBoope, objects are always seen in their naturftl position, 

while in the compound microscope they are inverted, aud right 

I becomes left, and left becomes right This makes it very difS- 
cult for beginners to work npon objects under the compound 
microscope; and hence simple microscopes are almost always 
used for dissecting and botanizing. 
It is true that by adding more lenses, and making the instru- 
ment still more compound, we can again invert the image, and 
thus bring it buck to its original and natural position, and 
almost all the very expensive microscopes are furnished with 
these esti'a lenses arranged in a piece of accessory app^tna 
technically known aa an erector. The distinguiBhiug feature of 

I the compound microscope remains, however, the same. Oertain 
forms of tlie microscope, in which concave lenses are substi- 
tuted tor the usual convex form, also give erect images, but 
this does not afi'ect the general truth of the statement just 
made. 
Simple microscopes frequently cousist of more than one 
lens. Thus, in using the ordinary pocket magnifiers with two 
or three lenses, it is nsual to employ all the lenses at once, look- 
ing at the object through two or three lenses at the same time 
when a high power is required. In this case, however, the two 
or three lenses are placed close together and act in the some 
way afi a single lens, with surfaces more sharply curved than 
those of any of the lenses forming the combination. Under 
Buoh circumstances the image is not inverted, bnt if we now 
separate the lenses sufficiently, we will find that on again bring- 
ing [he object into focus, the image is inverted and greatly 
enlarged. Moreover, it will be found that the magnifying 
fioiref omj^ be greatly increased \)y increnaiug \.\i6 d\ftt*mift be- 
^^^weea the two leaaea, and it will abo be iotuiiX ftia% »» "i^QR ^«b. 
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tuDce of tbe two lenses from each other is increased, tha di»- 
tauce at which the combiaation is phtaed from the object 
be made leaa and vice versa. * 

The eatlj forniB of the compouod mieroacope conslRted of 
little more than the two leuseu we Lave just described, but tha 
modem instrument, eveu ia ita simplest form, is a vastly more 
compUcated arrangement. lu the best forms, for the lens next 
the eye there isaubatitutedan eye-piece consisting of two lenses 
with a diaphragm between them, while the objectiye, or lenaneit 
the object, is composed of from four to ten different pieces of 
glass, forming two or more lenses, which are so arranged that 
each shall correct the defects of the others, and this optical 
combination is mounted on a stand which is Bometimes a mar- 
vel of meahonioal ingenaity. 
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*ThB gtadenl who poBseBBea a. little mecbaaioal genius aud a, deaire to 1 
become a^terimenlaSy ai?quuuted wilh ihe pruporti(>a ol lenses nud the I 
oonBtnution at the miciOBCOpe, would do woll to pruEoxe a conplo of ubcap 
lanBpB, aay one ofhalf iooh fooua, andoaeofaboat two iiichea tocuB, and test ■ 
bf aotoal trinl the Btitemeuta mkdo ia tlie text. Such lenaea may be con- 
TenieQtl<f anriinged In a, tube formed of writing pn-per and gnmnted □□ the 
e4i;eB. All the most imporlant prapcrtieaBodilefectBof lenses may he thug 
Illustrated aud Btudjed. Bymo&DBof allCtla eitracure, two auoh lenses, ar- 
ranged SB wa have doauriliBd, hi tnbea blsckeoed on the inBide, and monuted 
onalittla wooden Bland, the focns being ndJnBted by sUcIing the tube hold- 
ing the leDseg within another tube, alao of paper, will give not only a very 
fur rlew of such objects as the wing of afl;, tlieecaleBona bnttert^'B wing, 
and even the barba on the sting of a bee, bat tl will show the giobales of 
bhxd qnile distinotly, and WB have even giyen a very intereating eihibi- 
tiOQ of the droulation of the blood in Che foot of a ^g by r 
temporary ariiugement of thia kind, which we put together for the pnr- 
pose of eiplaining to a httle girl the constmction of the microecope. 
WOtlld not recommend aoy one to ase such a microacopo for pnrposea of | 
work or stody, because the fallacies lo which it may give rise ace too 
nmntrons aod too acrious. Dut any boy, or even gul, who will nndortabs 
the eooatruction of anch an inatrumcnl, cannot foil to obtaio thereby a; 
amoant of information which the pornsal of volnmea wonld not give. As 
hiota towarda udingoiir young frienda, we may remark that onr tubes 
were made of the best atifT paper, rolled up tight and pasted only along 
the oater edge. The lenses were iconred in their places by beiug attached 
to ths bottoms of pill-boxBi, hotea being punclied ttitOT!.^ Ko ■eSma''. 'Oiui 
light. Pill-boies wJ(h holes werettlsDUsedfor ais.pVta.^«iaVj le&ate'CtiB 
ttabctsofaberratioa. Apieco of mirror teflecWA Mae \i.6\jl, o.n.6. SXib **^ 
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Essential PhfIs of the Micro scope.— When & good 

lens is held steadil; at a certain distance frum an object whiah 
is properly illiuniiiBted, tliis distance depending upon tbe form 
ftod Jnatetial of the lens, we are enabled to see the object dearlj 
and distinctly. When, however, this distance is either in- 
ereased or dinunished, the object becomes blntred and indis- 
tinct. The point at which viaion is most distinct ie called tbe 
foc«s* of tbe lens, and when we are able to see it dearly the 
object is said to be in, /ocis; when the distance is either in- 
creased or diminished, it ia said to be oiil o/ /ocim. An object 
is said to be v:i/liin the Focus when tbe lens is too near it, and 
heyoiid the focus when the lens is too far away. 

The performance of any lens depends greatly npon the ac- 
onracy with which it is adjusted to the coirect focal distance, 
and the eteadinesa with which it is held there. For all ordi- 
nary purposes, lenses which do not magnify more than ten 
diameters may be very conveniently held in the hand without 
any special means of snpport; but when the power is much 
greater than this, or where, as in the compound instrument, 
the microscope is bulky and heavy, it becomea necessary to use 
some mechanical contrivance which will hold tbe microscope 
steadily in its position in relation to the object, otherwise the 
view becomes indistinct. Thus a good lens, magnifying from 
thirty to forty diameters, will very readily show the individual 
corpuscles or globules in the blood of the frog, provided it ia 
arranged on a steady support and accurately adjusted for focus. 
Bnt if the lens be merely held iu the lianil, without any Ann. 
Buppoit, it will be impossible for the observer to see the 
coi^puscles. 1 

Another important point is the illumination of the objeotfl 
XTnleas the object be properly iUaminated it cannot be di»-l 

' It ia Bcaroelj nBoesaary to inform tlie reader that tbe foous dasotibod 
in the text is not preciselj tlie focua of the Isdb itself, hiiC the fooua of > 
oomiiouDd lens of which the eye forms ose element. Hence the fooal 
distance varies wiUi different eyes, and so docs tlie spporeat eae of ob- 
jects. To Hhart-sigbted people objects appear of larger size than they do 
topenmna oranlinary eye-sight. In vorking with the compaunij micrn- 
tcope. we fr^ncutlj finj that differeut ve^v'-i loniiirc a Uifforeut focal 
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iinotiy Been, nud consequently all microscopes, except tlia 
sim])IeGt forma of Imnd mtignifiera, am provided t 
for thi'owiiig the light upon, llic object, and for regulating fLo 
amount wliiuL slinll either fall upon it or pass through it. 

Hence the impoitauL-e of proTiding efficient meana for ad- 
justing the focus and hohling and illaminatiug the object, and 
the purpose which the stand is intended to fulfil, ia to furnish 
these means in a compact and convenient form. Every n 
Bcojw, therefore, of a grade above a liand magnifier, whether 
it be simple or compound, must posseas ; 

1. Suitable means for suijporting the object, and placing and 
maintaining it in proper position. 

2. Means for illuminating the objet^t, either bj throwing the 
light upon it when, it in opaque, or transmitting the light 
through it wheu it is transparent. 

3. Means for trausmittiug to the eye an enlarged image of the 

The Jiflerent i)arta whiidi are employed for securing these 
peveral eudH, have been censttucted of an almost endlesa va- 
iety lit forms, oucording to the fancies of the different makers 
1 the requiremeuts of difi'erent microscoiiiata. As it is im- 
Wrtoat that the atudent should familiarize himseli with the 
s of these different parts, we give a definition of them, 
n order that there may be no opportunity for mistake or 
Kisapprehension, we have also engraved on outline of one of 
Qie ordinaiy forms of the mieroacope, nud on this we have 
mtiriced the oamee of the diS'ereut parts. 






NAMES OP THE DUTEEENT PARTS. 



The following ni'e the names of the easeutial parU of a 
lund mieroacope of ordinary con.st ruction. The names of the 
different parts of the simple microscope are the same as those 
of the compound microscoiffl, but the latter has Bevera! parts 
which do not esist in the former. 

The jSand is tlie name properly applied to the entire frame 
naed for supporting and illumiuatiug the o\)^ec\, cTLilot e.^\t-}- 
ing; and adjustiiiff the o|)ticuI partj the ^ftltei (iOTia\s^^«iS '^'^ "^^ 
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«-pieoe and the objactive. StaDilB ar 

;etv, or furnished witli eye-piecea only- 

ioh a Kelectiou of cilijeotives oojil other 
I Bait his special ueedu. 

The B«se or J^W is that part which snpportB the rest of the 
staud- 

The Bodi/ is the tiihe to which tlie eye-pioce and objectives 

e ottttched. 

A BrniB-liAe is a eecondaiy body whii.'h receives the eje-piece, 
and slides within the main body like the draw of a telescope. 
It enables ns to increase the distance between the eye-piece and 
the objective, and thna to change the magnL^ing power, as 
explained in a previons ])aragi'aph. 

ft short twlie through which eitlipr the body, tlio 
draw-tnbe, or the eye-]iiiM!e slides. 

The Ann in that part which cai-ries the body. 

The Stfige is the plate upon which the object is placed for 
examination. 

Clips are springs attached to the stage for the pnrposo of 
holding in place the glass slide or plate carrying the object. 

A Sub-stage Ls fnniishi^l with some inatiiinieutB. It is used 
for holding and centenug various means of illumination. No 
Bub-atnge is shown iu the il iagmin, Fig. 1. The sub-stage, with 
its centering arrangenienU, is shuun very clearly iu the Boas 
model, Plate I. 

Sub-slage Jit *jji. ^Instead of iieing provided with a aub-atage, 
.juony cheap microscopes are furnished with what is known as 
i'Siage ring or tiihe. This sei-vea to receive the polarizor, 
kboloid, etc. 

The Ol^ed-Gliiga or Objective is the lens or lenses whirh are 
'idaced next the object. The term Object-giasa ia aometimes 
applied to the gUsa plate or sbde upon which the object ia 
placed, but this nse of the word is entirely wrong, and tendu to 
produce confusion. 

The Society Screw ia a screw of a certain staudnrct size fur cim- 
seoting the objective to the body. Ia microscopes furnished 
with a screw of the Society's standard, the objectives of any 
American or English nislter may be used. The makers on the 
continent of Europe have uon' very generally adopted the yo- 
ciety Screw. In this country the Society Screw baa bccavMvv 
veraallj adopted, but as it Las been founA too wxieW lo\ Vi-«- 
^war objeativeB of iviilti aJjgle, iiaotUet acve*', ivo.'so.^ '^ 
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Broad Gauge, in Bometimes used in adclition to tlie 
Soi-Bw. 

In all miuroenopea, means are provided for moviiig ILo ol . 
tive to and f I'om tlie objeat, ho aa to bi-iug tlie latter liila/oca 
aa it is calleil. Acuording aji the device used for tliis pnrpos 
aote (ioaraely but rapidly, or slowly bnt delicately, it ia c^e 
a axirne oi'ufiue a^ustmeni. Tlie best microscopes are providt 
witU both kinds, ao that the object is first brought approi 
iuat«lj, bnt rapidly, into foons by one, and theu adjusted n 
slowly, but with great accuracy, by the other. 

The Coarse A^uMineiit has several forms. In Fig. 1 it consist* 
of a rack and pinion. In some cases it is a chain wovcmenf 
very often it is effected by merely slidinfj the body np i 
down thiongh a tubular collar by hand, aa in Fig, 12. 

The Fine AdJuitlmeiU usually oousiata of a fine Hctew, soi ^ 

times called, improperly, a micmmeler screip, whioh moves eithft 
the entire body or the lower part of it, called the uoae-pieos, 
In some cheap stands, the fine adjustment is effected by movi 
the stage towards the objective. 

The Nose-plew ia a short tube, which fits into the lower e 
of the body, and can'ies the Society screw at its lower b^„^— 
Sometimes it is made to slide out and in, and thus forms pai 
of the fine adjustment. Ia the instrument figured in the dia 
gram, it is immovable. The term nose-piece is also applied ti 
certain acoesaories which enable ns to attach different pieces oi 
apparatus to the microscope, as, for example, two or mote ob 
jectives at one time, the analyzer of the polariscope, etc. 

A Diaplmigm ia usually a tlua plate of metal pierced 11 
hole, the size of which regulates the diameter of the pencil o 
rays that pass through. There is a diaphragm ia the eye-pieci 
which contracts the field of view, and cuts off those rays whitj 
tend to confuse the images, and all good mici'oBCOpes have a dift 
phragm attaclied to the stage, whereby the amount of ligU 

Csing through the object to the objective may be regulated; 
teod of a thin plate of metal, an aiTaugemeut known as t^ 
"Iris diaphragm" is used in the microscope shown ia tl 
diagram. 

The Eye-piece or Ocular is the short brass tube, with its lenses, 
which is next the eye. The eye-piece contains an Eye-Glaaa,. 
which is that nest the eye; a Field-Glass, placed nest the 
objective, and a Biaphragm, consisting of a brass plate with ft 
hole through it, and so arranged as to cut off the ouler rays of 
lisht. The tube in which these lenses are secured is in almost, 
au oases remoTable, and the best micioBco^a OiLM furuisliec 



with sevei-al eye-jiiecea of ilifferent poweis, ivliich luay iai 
c^baJiged at pleaeiirc. 'We msij here remark tliat where e, mi' 
oroacoiie ia fumiahed with several eye-jiioi^es, Ihe shorlesl oyc- 
liieac gives tlio greatest niBgaityiiig power. 

The Cnp is ii cover which flta over the top of the eye-piece, 
It is pierced with a hole, to allow the rays whiuL i>ass tlirongli 
the instrument to reach the eye. This cap ia sometimes covered 
^vith a second cnp, whii'h has no hole, but which is intended 
to exdnde dnst from the eye-lens, and which is removed when 
tliB instrument is in use. 

The Mirror reflects the liglil, and canses it either to fall 
npon the object or to pass through it, so as to render it 
visible. 

The jUjiiyw-i'ic is R bar attached to tho stand and caiTying 
the mirror. It is usually made to turn on a pivot, and in the 
microscope shown in Fig. 1, it consiata of two parts sliding 
upon each other, so that it may be shortened or lengthened, a^ 
circumstances inquire. 

Accessories are those parts of the microscope which are used 
only for special purposes, such as the paraboloid, the oamerii 
lacida, stage forceps, etc. 

The Object ia that which is sabjected to exnmination. It ia 
usually mounted upon 

A Slidi, or plate of glass, wliich is laid upon the stage. 

All these parts will be fully described in a subsequent part 
of this volume, and their utility and impol'tance explained. It 
is greatly to be desired that tlie young microscopist should 
familiarize himself with the terms employed, so that he may 
always use them accurately. Anything that he may say or 
write will then be clearly understood by all wLo have given 
carefnl attention to the subject. So important does the aittlior 
deem this matter, that he has in an advanced state of prepara- 
tion an extended glossary or dictionary of microscopical terms. 



SIMPLE MICEOSCOPES. 

Tlie simple luicroHCopo is au iiiiliN))i.-Dtinble ossihtant to tUoss ] 
ntio nsG the componntl inHtmment, as well as to tliose At'lio teilj 
npon it alone for tlie examination ol flowers, seeils, minenLlii, 
tesiilo fabrics, etc. We sliall therefore devote sonie apace to 
a. eonsidei'ation of its vai'ions forms, tliongli even then we s 
be onable to do more tUan describe certain typical models 
wliioli, Iiowever, afford rnriety enough for all practical pnr- 



Hand Magnifiers.—Tlieue are ho geuerally iisefnl and' 
apl>licable that they are used by all who wish a cheap and yet 
efficient aid to natural vision. They are foTind in market in a 
gi'eat variety of forms, styles of monnting, and price, and are 
too well known to need minnte description. Large lenses, 
magnifying two or three times, are moonted singly, and nsed 
chiefly for the esamination of pictures, and as reading glosses ; 
the smaller Eizes of the same style serve for the examination of 
fine engravings. Tei-j small lenses of eonsiilei'able power, and 
simjily mounted in a frame, are also sold by most opticianii. 
They are known as "wateii-cbarms," and magnify ivlnrat flfteen 
diameters. We have also seen a vcij poworfnl magnifier 
monnted inn little ring attached to a pnir of eye-glaases. ' 

For the purpose of the stndent and natnralist, a very ex- 
cellent form is that shown in Fig. 3, It consists of a lens ol 
snitabie magnifying power set in a fi-ame, wliich folds into a 
case, just as the blade of a jiocket knife folds into ita handle, 
thns allowing the instrumout to be carried in the pocket ■with- 
out liability to tnjary. Similar magnifiers are made with two, 
three, and even four separate lenses, as shown m Fig. 3. The 
lenses are nanally of diflerent powers — a 2 inch, 1 it 
} inch, forming a very"usefnl combination. Each lens 
used separat^j, o)' two may ba used togetUei:, oi all three Juay^ 



\ 




bo TiBed at once, a oocaiderable range of mngnifymg power 
b^ng tliUG seuurod. 




Mg. S.-a 

The magnifiers shown in Figures 2 and 3 are furnished 
with what are called dwpfiraipns — that is to say, each o: 
thin pl&te of some opaqne material, haring a hole of suitable size 
through ite centre. This plate is placed over the lens when 




but one lens ie used, and lietween the lenses when two or more 
are employed. It serves to cut off the marginal raya which do 
not give a clear image, and in this way it gi'eatly improves 
definition of the object 

Two or more lenses, properly adapted to Bac^i oftieT,wia.-TO«6. 
U/gBther, give reBolta greatly superior to an^ftun^ tiaaii, caax'NA j 
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obtAined from a Bingle lens, at least so far em oleamees and 
accniELcy of definition is concerned. But when used ns a, work- 
ing or dissecting microscope, tUej tire ojxau to the objectioa 
that the distance at which they must be placed from tlie object 
ia very small, and hence it is freqnently inconvenient to us6 
them for working upon objects. Thus, if we hare a plano- 
convex lena of a quarter of an inch focus, and one of three 
quarttirs of an inch focus, and place them at a distance of a six- 
teenth of an inch from each olhei-, we will hare a very good 
magnifier which will enlarge objects about fifty times, but we 
must place it at but a Teiy short distance from the object If 
we separate the lenses a little, the definition will be improved, 
bat the working distance, as it is called, will be diminished. 
Those who have studied optics are quite familiar with thi'se 
tacts, but the ordinary reader does not always think of them, 
and yet they are very important when we come to choose a mi- 
croscope for working or dissecting purposes. 

Where two or more simple lenses are used together (without 
being combined so as to form a com]>ound microscope) ths 
power of the combination is always equal to the sum of the 
powers of the separate lenses. Thus if we have a lena of half 
an inch focus and one of one inch focus, one magnifying ten 
and the other twenty diameters, the resulting power is thirty 
and not two hundi-ed times. In the compound microscope, on 
the other band, the combination of an objective magnifying 
twenty diameters with an eyo-piece magnifying ten diameters, 
gives a magnifying power of two hiindii 



WHtcli-Mahers' Ere-Glasaes.— These are well known, 
and may be obtained of almost any power within the useful I 
range of a singe lens. They are called "eye-glasses" because J 
when in use they are held by tlic mnsclea around tlie orbil 
the eye, and consequently require no extroneona support 
Fig. 4 shows the boll-mouthed form of the frame, which enables 
as to secure this result. The oye-glass ordinarily used by 
watch-makers magnifies about eight times, but glasaea magnify- 
ing twenty diameters are not uncommon. Glasses of the latter 
power are URUally doiiblels, that is, they consist of two lenaee, 
turaaged together, one being of muc\\ \ongev touua than tlis 



I 



or THE MlcmoBCorE. 31 

tter. If well maJe tLey give Bscellent definition and a large 

eld, and, when nionnfpd on a stand, are rery serviceable br 

itseetiiig viin-oscopes, esjfficiallj in working upon I'onrso objects, 

nd picking out shelle, Uio lai-ger foraminifcra, etc. Tlieir 

, onabloa ns to support tliem bj means of a small wire 

ling, arranged as in a retort stand, and tlie lai^e bell-month of 

" e frame prevents anj light from entering the eye. except that 

■which has }}ftBsed through the lens. They are very cheap, and 

•ny intelligent hoy can make a tolerable stand for one. The 

Btand will answer for several glasses of different powers. 




Pig. 4.— WAICB- 



The eye-glass shown in. Figure i ia a doublet, the front lens 
! which is set in a separate piece, Blion*n in Figure 5. "When 
le latter ia removed, the icmaiuing part formK a very service- 
able low-power glass ; when both ai'e used together, the com- 
bination foiTua an excellent Iiigli-power niagnifler. Tliis form 
made by the Bausch & Lomb Optical Co. 

Engravers' GlasBes.— These me mounted ia frames, 
similftr to that of the wateh-makere' eye-glass, but as thay are 
larger, and are therefore not so readily held in the eye, after the 
fashion of the latter, they are always used with a stand of souin 
Lkind. Those of tlie best quality are, in general, donbUts, >^\>.- 
^ustiag of two plano-convex lenses, ani oa ftie'^ gwft i \sia^a 
"^J o/ riew, vith YOTj good definition, t\iey we Bi.\»%s^w 'CbS' ■ 
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)y!fit micrOscopeH for exiimiiiing Imiil; liills, line engrtmngB, I 
Bimilar olijects. Tho geaerol form is ehowu iu Fig. 8. 




Unen PFOTers.— Tliesa are a veiy okl foi-m of the simple 
microscope, and being in very general nae, tliey are nianufec- 
tuicil in large quantities, wliile as it is necessarj- that tliey 
aliould bo of goorl tinality tliey afford an opportunity of getting 
a good mflgiiitier at a moderate price. The general form is 
shown in Fig. 7, in which the instni- 
mont appeare as in use. The upper 
plate carriea the lens, and the length of 
the upright is such that when tlie base 
1 placed upon any flat sui-face, that 
Bm^ace will be in focus. The baae is 
pierceil with a hole one quarter of an 
I inch square, and when placed on a 
piece of cloth the lens enables ub to 
count the number of threads wliich oc- 
cupy that space. Tliis indicates the 
fineness of tho fabric. 

The Stanhope Lens consists of a cylinder or rod of 
g'Jaaf, one end of which is rounded so as to foiin ft lens, while 
l/te ntlipi- end is eitliei' flat or nVigtU^ «i\"ive4. "EVua distance 




behreen tlie lens and the flat surface is exactly eqnal to tlia 
focEd distance of the lens. Transparent objecte, Buch as the 
scales of insects, animolciilDa in wciter, etc., are simply placed 
on the flat surface of the gloss cylinder, and when looked at 
through it, they appear greatly magnified. It is easily used, 
Init con not well be employed as a working microscope. It is 
this kind of lens that is used in the canstrnction of those watch 
chancB in which a large picture is seen on looking through a 
rery small hole. The picture is a photograph attached to the 
flat end of a small glass rod, the other end of the rod being 
formed into a lens of exactly the right focal length required to 
show the picture clearly and considerably magnified. Lenses 
and photographs of this kind are usnally mounted as miniature 
Dpera-glasses. 

The Stanhope lens seems to be a favorite in France, where it 
is maunfactured very extensiTely, and sold under the name of 
the Sfmhoscope. One advantage claimed for it is that no adjuBt- 
meut for focus is reqaiied, the flat surface of the lens being 
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exactly in the tocuB of the curved surface. This feature, while 
presenting some slight odvant^es, has also the great disad- 
vantage that objects covered with thin glass cannot be ex- 
amined by finch lenses, and neither can objects having a 
sensible thickness. The feature which wo have just mentioned 
IB imitated in some cases by placing a piece of thin glass in 
front of a small lens, and at such a distance that the outer sur- 
face of the thin glass will be exactly in focus, as is hereaftei' 
described when speaking of the Craig microscope. 

There is one purpose, however, to which this form of lens is 
applied with good effect, and that is to the construction of a 
" collecting lens " as it is called^tfaat is, a lens for examining 
drops of water when searching for diatoms, algfo, animalcuha, 
etc. Fig. 8 ahowB a Jena of this kmd mttift\>-s ^as.."^ . '^«so 
r i Co.. ot Pbiladelpbia. The lens ia *rt iu a^iwiaa \imbr.,-^ 
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^H Tided witli A hancUi?, anil dfter a drop of water lias been placed 
^H on the flat surface of the lena, the cap, c, is scren'ed on, and the 
^H object examined hy simply holding the instrument up to the 
H liglit 

^H A yery excellent collector's microscope will also be found de- 
^B . scribed amojigst the compound instruments. 

The Coddlngton IiCdb.— This lens was devised b^ Sir 
David Brewster, but having been made by a London optician 
for Mr. Codiliugton, it was called bj his name, which has stack 
to it ever since. It consiHtaot a cylinder of glass, the two ends 
of which bare been gronnd so as to form portions of the surface 
of the same sphere. A deep gioove is cat around the cylinder, 
midway between the ends, and a diaphragm is thus formed 
between the two lenses. In Figure 9 is shown a very neat 
and convenient method of mounting the Coddington. 

This form of lens gives vers- iharp definition, ao that when- 
over a power greater than twenty diameters is required for 
examining objects, a Coddington, if well mnile, will ba found to 
bo the best lena in use, always, of 
course, excepting the oarefully 
coi'ected doublets and triplets 
hereafter described. The price 
of the latter, however, \s in 
general four to eight times that 
of a good Coddington. Bnt it 
lias this defect, that the wording 
i ii;. It. — utiuiiiKQTtis LEKa. focus is very short, and therefore 
for a dissecting microscope a 
doublet is to be preferred. In using a Coddington lens, great 
care most be taken to secure good illumination of the object, 
and the shortness of the focnB makes this diJIicult to those who 
have had no esperience. 

Those who desire to acquaint tliemselvea with the struoture 
and peculiarities of the moat important simple microscopes, 
will find this subject very fnlly and very clearly treated in the 
article contributed by Andrew Iloss to the " Penny Cy el opoadia, '' 
published by the Society for the Diffusion of Useful Knowl- 
This article ban lieen repuVilisheOi m boot. larm. 
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.chromatic Doablets and Triplet^.— Magaifiei-s, ■ 

composed o( tuo or more lenses, are to lie hail of two very ■ 

diatmet kinds. The lenses ma; either be simply united in one I 

frame, without any special adaptation to each other, or the in- ■ 

Btnunent may consist oC two or more nchromatie lensea oom- I 

bined together in a fixed and accurately detei-mined relation, m 

Examples of the former are found in the ordinary two and three ■ 

lens magnifiers we have just doecribed ; the lott-er are not bo M 

common, sinee they are somewhat expensive when well made. ■ 

They are known as achromatic doublets and triplets, and one I 

maker ia tliia country, Mr. lolles, of Boston, Iios long been I 

noted for the excellence of the simple achromatic microscopes I 

of this class made by him.. I 

Tho advantages possessed by lenses of this kind are the larger I 

field of view which they give, thus enabling na to obtain a dear I 

view of objects of considerable size ; and the wonderfally in- ■ 

creased sharpness of definition which they afford, o^i'ing to theii' I 

wide angular aperture. They are nauuUy mounted in the same M 

style as the Coddington (Fig. 9), but are readily distinguished I 

from the lattor by the absence of any diaphragm. The lenses M 

of which these magnifiers are composed are eo constructed and I 

combined that tiie field is perfectly flat and well defined in all ■ 

its parts, so that a diaphragm is not necessary. Mere common ■ 

lenses, put together so as to resemble these achromatic doublets, I 

and without a diaphragm, would give such a misty view of ob- M 

jectB that they would lie at once condemned. I 

With the esception of the low and medium-power achromatic I 

objectives used with the compound microscope, these doublets I 

and triplets, when well made, are altogoDier the most satisfac- I 

tory simple microscopes in use, and several firms now make a B 

specialty of tlioir manufacture. Amongst others we may name I 

the Bansch &■ Lomb Optical Company, Messrs. B. & J. Beck, ■ 

Browning, whose magnifiers of this kind arc known as Plaly- I 

scopic lenses, and Steinhoil, of Munich. I 

To some it may appear that we have devoted more space to I 

the simple microscope than its importance demands. Our ■ 

excuse is that simple microscopes, of tho different kinds we fl 

haTe jnst described, are not in such generai uac as S.\i«^ csw;^'!, I 
to ba Tbia, bowerer. seems to he the case eveti wi'?tM«!a, "^^J 




country of itftspail, wiio was the great ailvocate of the sim 
microscope, tor Chevalier, in bis work, says ; " It is a. matter 01 
regret, fi'om a seiautific point of view, that the simple 
soope is not moi'e extensively used in France than it is 
in minnte disaectiana it is capable of rendering ; 
service." 

Twenty-flre cent Microscopes.— Before leaving this ' 
Bubjact it may be well to say a few words about those very cheap 
microacopes which have been ao extensively advertiaed. 
frequently sea in the papers an advertisement in which e 
person offura to send for twenty-five cents a microscope which J 
will ahow animalc ides in water, globnleaof blood etc., etc, tuidfl 
the qneatiou naturally arises. Are these microscopea good fori 
anything, or is the advertisement a awiadlo — the advertisers 
taking the money andsendirLg nothing in return? 

As a general rule, thoae who send to such advertbers, x 
in return, a plate of brass or lead, with a glass bead fastened^ 
in a hole in the centre. The glass bead is formed by fusion and 
ia frequently ground flat and polisbed on the side by which it 
WBfl attached to the thread or rod of glasa from which it was 
made, forming in such cases a hemispherical lens. Saoh , 
lenaea are very easily made by any one. Take a strip of flint J 
glass, aiioh as a piece of flint gluss tubing, or a piece of glass J 
rod, draw it out to a thread in the flame of a spirit lamp, 
f nse the end and allow it to gather into a drop. Oive plenty of 
time and a good strong heat, ao that the sorface of the little 
globe may become well-fused and truly round. The best re- 
sults are always obtained by holding the thread perpendicnlarly, 
aa when held horizontally the globule is apt to become dis- 
torted. Make one or two dozen of these, and in separating J 
them from the glass rod leave about an eighth of an inch of ' 
the latter attached to each globule, to serve as a handle, : 
nest atep of the process, which consists in iuaerting them to 
about halt their depth in a plate of cement, consisting of 
shellao thickened with very dry and finely powdered pnmice- 
etone. To form auch a was plate, melt some shellac in a ladle 1 
or liirge iron spoon, mix it carefully with as much powder 
piimh'e atone as can be conTenient\y atiired in, lemovo it froQ 
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le fire, stir well iiutil it begins to stiffen, ami then jiour it out 
on ft flat metal plate — the surfacte of a emootliiiig iron aoswer- 
ing very well. The plate o£ cement should be from one-bnlf to 
three-quarters of an inch, thick, and the little globulesnreenaily 
fastened into it by seizing them by the small handles left on 
them, holding them by a pntr of foruepe iu a, lamp flume until 
they are hot enough to melt the cement, and then pressing 
them in to about half their depth or a little more. When quite 
oold they will be very securely held. The httle handles, or tails, 
are now nipped off with a pair of cnttinjj pliers, and the glo- 
bules ground nil at once on a fine grindstone, or still better on 
a metal plate charged with emery. When they have been re- J 
daoed nearly to the surface of the plate of cement, they shoulila 
be ground with emery of the finest bind, and as soon aa all4 
COBCse scratches have been remoTed tliey shonld be polished on ' 
a buff leather with crocus martis or putty powder. When finely 
polished they may be removed from the cement by means of a 
email chisel, and any cement that adheres may be dissolved off 
by means of alcohol. They are then mounted in thin plates o 
lead, brass, or, what is better still, vulcanite. Out of two dozen] 
such globules, carefully made and well polished, three c 
may be obtained that will gire satisfactory deflnition, and 1^ 
was with such lenses that the early microscopists made many o! 
their diaooTeries. These men, however, took great pains inl 
making and polishing them, and rejected hundreds as unfit totw 
use. The objections to the microsoopes of this kind, that araS 
ordinarily sold, are that they are badly made, and that gooc' 
and bad are sold together without any selection beiagesercised<~« 
But, even it well made, they are very difficult to use, an ' 
nnsatisfoctory in their results, even in the hands of persous o 
great skill The polish of a fused surface never equals that of 9 
a surface finely cut and polished, as every housekeeper that i 
famiKar with common, and with cut glass, very well knows,! 
The fused surface of these Httle globes is, therefore, always fl 
more or less, covered with strira or very minute ridges which J 
interfere with their defining powers, and we have described T 
thus minutely the process of their manufacture, rather for the 
purpose of giving oar readers sack inloYms-tion. »>& "«yji. e.'taWi.'a 
tbea to underBtand how they cati be ao\i ao Aiea.-^!. 'Oo.'Ka. va. 
■' iopt that they will endeavor to malta fcem lot 'OciSi«i»fis^^^ 




"" BBLEt-noH AND fsB 

PeDnf Hi'^roscopef). — A few years ago a man in London 

made a liricg by selling through the Btreets a micrOEOope wliicli 
ivonld show the eels in paste and vinegar, and of which tlie 
price was only one penny, (equal to two cents.) These micro- 
Bcopea were thtismaile: In the bottom of a pill-box he punched 
a Hmall hole and then blackened the inside of the bos. In this 
hole was p1ac«d a drop of Canada balsam or damoi varnish, 
which was allowed to di^. When hard, the balsam formed a 
very tolerable lens. 

A drop of water, balsam, or vamiah, laid on the under aida 
of a aUp of clear glaes will often enable us to extemporize a 
mioroBcope capable of doing good service in the hands of a 
skillful observer. The outline of the drop should be perfeefly 
round, and theglass plate should be held as level as possible. "We 
have derived great assistance from such a lens, when better 
could not be hod. 

The Craig Microscope.— Tliis microscope at cue time 
attained an unprecedented degree of popularity, not on account 
of its merits, but because of the extensive puffing and adver- 
tising which it received. It conBiBts of a vertical frame, some- 
what like that of the cheap French microscopes, having a 
mirror, hut no sliding tube, aa there is no occasion for any. The 
ahde which holds the object is slipped through a horizontal slit 
out in the stand, and the lens with its frame is laid onit. 

The lens is a fused bead of glass set in a little frame, to the 
under Bide of which is atbiched a thin pkte of glass, whose 
lower surface is exactly in the focus of the bead, bo that when 
a drop of water or vinegar is placed on the glass plate, or such 
objects as insects' scales, wings, etc., are laid on it, they are ex- 
actly in focOH. Hence, this microscope is said to require no 
adjustment for focus. This is true when the objects to be ex- 
amined are actually in contact with the glass plate, bat when 
we wish to examine objects that are covered with thin glass (as 
all valuable preparations should be) or objects having a percep- 
tible thickness, it is impossible to adjust it for focus, and hence 
it ia impossible to examine such objects satisfactorily. Besides 
this, nine-teiitha of the microscopes of this pattern in market, 
Mv ver^ badly made, and distort objectB to such an extent that 
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one irho bag been accustoDii?il tti emplny a good mioroaonpe 
onunot recognize them. It li.is unqueHtion^bly dona a grust 
great deal to impede the progress of microsoopj in this country, 
have been led to give this extended description of it, 
C-Jefly bcoaiiae so many editors and clergymen have pruised it 
in the liigUeat terms. It haa even heea puteutcd, idthongh thn 
principle nptm which it is coustriicted in very ohl; but then we 
must remcmlior tliat uadi^r onr present (uiminiatration the 
patent office Hcems to be conducted rather for the dtseourage- 
ment than the ffnconragenieut of progresa and invention. We 
dailyaee patents isaiipd for old and worthless devices, while it 
is iru'.l-knowu tiiut the awthur uf a n .illy meritorions inviii- 
tiou will have the hardest work to olitain protection. 

Of the Novelty, Globe, and other aioiilur mieroaeopeB, it is 
unnecessary to speak. In all the microscopps of tliis kind that 
we have seen, the optical part is ntteriy wortblees. The lensea 
are mere fused globules of glass, and they distort beyond recog- 
nition the image of any object. 

Strange to aay, however, even this fact has been naed as an 
argument to sell them. They have been sold chiefly by news- 
dealers and EtationeiB, and as the purchasers did not know bow 
any given object oa^hl to appear, the fact that it looked so very 
different from what they expected was considered an evidence 
of the power ot the microscope 1 1 

In regard to all microscopes in which fused globules ore 
used, it must be remenibercd that the lower the power of the 
lens the more apt it is to be imperfect. No lens of this kind, 
magnirying from 100 to 150 times, {according to the estimates 
of those who deal in them, which, however, is in fact only from 
ten to twelve times, as measured by proper methods), can be 
good for anything. On the other hand, it must be borne in 
mind that when we attempt to eiamine objects under high 
powers, obtained by the use of very email single lenses, we 
fcubjeot onr eyes to an almost destructive strain. 
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DISSECTING MICROSCOPES. 
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The term DisseeHng Microsenpe ia applied to all microscopes 
nseil for working upon objects under moderate magnifying 
powers. They are naed not only for dissecting, properly ho 
colled, but for the study of botany, mineralogy, etc. 
for nnmeroua inTcstigations in the ai'ts. A good microscope <A^ 
this kind is absolnt^ly indispensable to those who hope to dO'; 
more than merely look at objects prepared by others. 

For ordinary pnipoaes of examination, the different magni- 
ftei^a previoualy described serve very well when merely held in 
the hand, bnt their perfoimanco is greatly improved when they 
Bi'e mounted on appropiiate stands, which not only enable us 
to adjust the focus with great accuracy, bnt which hold the 
lens steadily in relation to the object, and thus prevent any 
necessity for that constant adjustment of the eye itself, which 
always occurs when a lens trembles, and which is so fatigning 
and injurious to the sight. A complete dissecting micro- 
SDope should, therefore, be fm-nished with stand, mirror, 
etc., and if the student can afford it, there should be some good 
mechanical means of adjusting the focus. The importance ot 
dissecting microscopes being generally recognized, even if the 
instmmentB themselves have not come into general use, nearly 
every manufacturer of microscopes has devised a stand of hiii 
own, some of which are very complete, and as a conaeqi 
Tery expensive. We shall, therefore, rest content with 
scribing a few of the simpler forms. 

The microscopist can easily construct a dissecting microscope 
for himself, by means of a cork and some wire, for whenever a 
piece of apparatus is to be supported steadily, while at the 
same time it is necessary that it should be easily moved and 
adjusted, notliing serves so well for a temporary expedient as a 
fine cork sliding on a smooth wire. Consequently a very 
aervioeable stand for a simple microscope ia easily eiteni] 
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at foUowe: Procnre a good eound wine cork, and bore two 
holes thcongb it, the holes being nt right angles to each other, 
and to the asis of tlie cork. Tile lioles ehonlJ. be of tlie right 
size to slide easily, but fii'mlj, on a wire rather more than the 
xizteenth of an inch in diameter. One piece of Rach wire is 
Btuclc pei'pen (licularly in a wooden foot, and serres as a atand 
niJOn which the cork slides np and down ; another piece of wire, 
haring a ring at ono end for holding the magnifier, is tlirnst 
throngb the second hole in the corli. and is supported hy it iu 
a horizontal position. The horizontal wire should lie ao long 
that there will lio no danger of injury to the eye or face from 
the npright wire. A piece of wliite paper makes the best 
mirror, as it gives sufficient iUiuui nation with low powers, and 
besides this, it diffuses the light very equally over the object. 
This, of course, is for nse with transparent objects ; when 
opaque objects are under examination a condensing lens must 
be employed. 

The Excelsior Micros cope. —The accompanying en- 
graTing gives a very clear view of this microscope, which is 
eonstmcted as follows: 

To one end of the lid of a small wooden case or box, ia at- 
tached one ot the ends of the box; and when thelid is reversed 
and turned upside down, it may be slid into the gronvewhicli 
usually receives it, and ihen forms a stand fur the k-nses and 
glass stage, as is ahowci in engraving. The lenses and stage are 
BUpported. by a steel rod, D, the lower end of wliieh is hinged 
to the lid, BO that it m^iy be tamed down and lie in a groove 
provided for it. When raised into the position shown in tbe 
figure, itisheld very aoeiu'olyin place by means of the button, 
E; and this button also serves to retain it iu the groove when 
it is toraed down. The glass stage, O, which is fitted into a 
tmme of harcl rubber, slides easily on the stem, D, so as to be 
readily adjustable for focus, while at the same time it may be 
tirm^ fixed, by means of a set-screw, at any desired height, 
and will tlteu serve as a stage for disseuting purposes. The 
frame which holds the lenats fits on to the top of the stem. 

ie, and ia retidily adjustable by 
the outside, ao ftuA ■\ii^ tus^ 



', H, is iittcd into the ci 
meane of tbo button shown 



bo rtfleoted np tbmngh the stngo wlien Iho objects to ha tX- 
iwd are tranapBrent; nail when they arj to be viewed bj re- 
flectLii bght thera is a dark ground o( hard rubber (not sliown 
the engraving) whiuh ia also oarried hj the stem, D, and 
y btt turnntl uatler the st i^e, so as to cut off all trangmittetl 
light. Dissecting needles (Kuml L]. with neat handles, fit 
into appropriate grooye'i. When tlia leasps and stage ara re- 
moved from the stem they are readily packed in the case; the 
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Fig. lU. 



stem Ib then ttirned down and bold in ita groove by tlie bnlton, 
E; the lid is drawn out of the groove, turned over, and 
placed BO that the vertical piece (C) closes the open end of the 
box, and the whole thingispackedinto a compass whichreadil; 
admits of its being carried in the vest por^Icet. 

The lenses are well made, and being provided with a propiT 
djnpbmgm, freat cleameta of definition ia secure J, Two styles 
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F frame are Bold, one coutaioing two, aDd the other three 
Klenses, the latter being altogether the cheapest, in proportion 
Cto the power tumiahed. The magnifying powers are about as 
Tjollowe: With the lena of longest foe lis, five diameters; vith 
■tbelenaot medium foona, eight diameters; with tbti lena of 
■ffhorteat focus, ten diameters. When the lenses of shortest and 
■dnediiim foci are combined the magnifying power is about 
ighteen diameters; all three lenses together give a power c 
f-five to thirty diameters. 

:isiug a combination of two or more lenses, the lens c 

nhorteat focus shouM always bo pUced nearest to the object. 

As a dissecting microscope for botanicul, entomological, am 

^»hy Biological work, this instrument is very efficient and con 

PvBnient. The glusa plate is fitted into the stage so as to form 

a cell capable of holding water, so that dissections may be 

carried on under that liquid, or aquatic animals may be kept 

aljye and examined at leisnre. The stage may also be turned, 

BO that the flat aide will be up when so desired, ia which posi- 

□ it is most convenient for some purposes, such as dissec- 

s and the teasing out of tissues by means of needles. The 

■ serious defect in the Escelaior microscope ia that it is 

fficientJy steady for ordinary work, the case which forms the 

r foot being, for portability's sake, mode quite s 

[a difficulty is, however, easily remedied by screwing tiio 

e to a piece of pine board sis inches long, four inches wide, 

d three-quarters of an inch thick. A single small s< 

h does not deface the itistmmeut, is siifBcivnt, and when 
e nucroscope is to be carried in the pocket it is easily de- 
Bohed from its temporary stand. Its low price, $2.75, is a 
i; recommendation. 

spail'a MicroHC ope.— This was the iustrament so 
rgely need by Eaapail in his investigations into the structure 
i, and having been fully described by him, it has been 
d by his name, though Chevalier tells us that it was really 
a by Cuff, of London, and ought to be called the Cnff 
oacope. It conaiats of a pillar which screws into the top 
n which ihe whole instrument packs when the mioro- 
pope is not in use. This pillar cariiea th.e mno^, «^ «^»a ^ 




filed stages It ia hollow, nod in it slidea a rod which tna; b 
moved up and down by meaua of a. mck and jnnion, bo as 
adjiiBl for fouus. This roiT carries b. horizontal arm, into o 
end of nhich the lenses lit, and the arra itself may be moved 
back and forth aui'oss the top of the vertical rod, no as to bring 
the leua over any part of the object. The gi'eat objection 
to this microscope, as usubIIv constracted, is its want oi , 
steMlineiss, and this is a. vital defect. 

The Compact DiseecliDg Microscope —Those who 
desire a really serviceahle and substantial microscope for dis- 
secting purposes, will fiiiJ that several manufacturers Lave 
recently endeavored to sugiply the demand for an iastnimeut 




of this kind at a moderate pnoe We select one by the » 
firm thatmanufacturea the Eicelsioi Micioacopt — the Bauicli It 
j/owb Optical Co. It is colled the " Compact Dissecting and 
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ig Microscope," from the hat that it may Iw folded 
together bo as to occupj very little space, and mar then be 
packed ia the case nhicii coataias the componud microscope, 
or carried in ita own little box. It is capable of receiving 
lenaea of long fouufi, as the rod which carries the horizontal 
arm slidea up and down in a tube upon which a rock is cut 
This sliding movement serves for a coarse adjustment, the rack 
and pinion jnst mentioned serving for the fine adjuatment. 
The mirror is hung with al! ueceasory movements, and the arm 
which carries the lenses is provided with the Society screw, so 
that ordinary achromatic objectives may be used — thus saving 
tlio expense of extra lenses. 

The engraving fails to show an important feature which is 
provided by the makers. This is a joint in tlie arm, which, in 
connection with the rotation that may be given to the rod to 
Thich the arm is attached, enables the operator to place the 
lens over any part of the preparation. We coll this an im- 
portant feature, for we hold it to lie essential to the convenient 
use of the dissecting microscope that the preparation should 
remain stationary and film daring the processes and operations 
to which it ia subjected. This is just the reverse of what is 
found to be most convenient and efficient in the compound 
microscope. There t!ie objective should be immoveable (hori- 

intallj), and the object should be adjusted to a projier posi- 

in in relation to it. 

Rests for the arras, when using the dissecting microBcope, are 
eaaily improvised out of books or blocks of wood. We prefer, 

anything else, good-sized blocks of ■wood, having tlio form of 
a wedge with the point cut off. Tliey are clumsy, it is true, 
Imt very comfortable. Small rests may be fitted like wings to 
each aide of the stage, and these are furnished at a slight extra 
cost by the mokent of the microscope just described. 

Cheaper forma of this microscope are also made. In these 
the instrument is not made to told up, and there are a few 
other points {not essential to the efficieitcy of the microscope) 
in which expense is avoided, But as improvemente are being 
constantly introduced, those who require a good dissecting 
mieroacope should procure the catalogues of »U [he various 
JeaJjiw before the/ deciJe, 



. Binocular DlSBectius Micro !>c ope. -71te biuoualu 
priDciple, irheu apiilied to the dissecting microBcope, is of tha 
greatest value, as it enables us to estimate accurately tlie poai- 
tioas, vertically, of tbe several {lartH, and we c-an tlios direut 
neeiUes, knivee, hoIbsoi-s, etc., to the exact point tbat we wish to 
operate on with an accuracy that ia impossible with the monocu- 
lar dissecting mirroscope. Nachet and Beck manufacture very 
eieelleut binocular dissecting inicroscoires, and the only thiug 
to bo regretted is that the price is ueceasoi'Uy somewhat high. 



PKraCIPAL FORMS OF THE COMPOUND 
MICROSCOPE. 

The variety of moduLi, stylea, or patterns which have l)eenJ 
devised for the stands and for tUe general arrangement of com-T 
pound microscopes, is almost infinite, and as they a: 
tinually changing, it would Im a hopelees task to attempt to fl 
give a description of all, or oven of any large number of them. J 
Fortunately, from motives of aelf-iateiest, the manufacturers of 
these instrumeulH jiFomptly publish full desciiptious and e 
gravLngs of new etyles as soon as tliey bring them out, and 
therefore the best plan for those who desire to make a judicioux 
selection, is to procure the catalogues of as many manufacturers 
as possible, and carefully oomjiare the several odvautoges of the 
different forms. The addresses uf all the iiromluent manubc- 
turera are published from year to year in the " Hicroscopist's 
Annual," a cheap little volume devoted to statistical informa- 
tion of this kind. 

Ctaeap Foreign Stands.— A few years ago, the only 
stands attainable by those who could not afl'ord an expensive 
article, were the cheap French Qiid German micixiscopefl. 
These were imported in large numbera by dealers in optical 
goods, and weie distributed to different parts of the country 
through tlie agency of watchmakers, jewellers, booksellei's, and 
those who dealt in spectacles and opera glasses, i 
qnently were cfi?/ec/ "opticians." Fortunately the production 
of really good and cheap American microscopes has almost 
driven this class of instrumenta out of market, but us tliey ai'e 
still to bu found on Kidu, a few words in i-egord to them may Ihj 
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ty. Oneof tlie most common models is tlial shown in Fig. 
. This form, aliliongli modem when compareil witii the micru- 
(opes of Adams, Baker, etc., ls one of the oldest in use. It 
I lielioTe, deviaod by Wollaaton, as n stand for hia 
doublet, and was aftei-wards modified by Fraunliofer, Mhose 
niieroscopes on this model were nlnioat identical with that 
shown in the engraving. It ia now too well known to need 
laborate description, and the smallei' sizes are still sold ei- 
isively for tlie uao of yoiuig people. Being mannfaotnred in 
e quantities, they are aolil very cheaply, when the iinality 
i the lenses is taken into conaijeration. Therefore, uctll 
ttafaottiter ooncentrates his efToi'ts npon the produc- 
tion iif the more convenient forms, and 
turns them out in very large numbers, 
the vertical laic rose ope will probably 
maintain its place in the market, and 
many beginners will be led into buying 
an instrument which, even in its must 
compli>te and perfect form, will Edmost 
certainly be a source of dissatisfaction. 

Aside from any deficiencies which may 
esist in the optical parts of the instru.- 
m.ent, the objections to this model are the 
small size and incouvenient form of the 
stage 1 the fact that the microscope can tie 
Used only in the vettical position, which, 
ftlthongh occasionally very usefnl, is the 
worst position in which the ioatrument 
can be placed for protracted observations, 
and the arrangement of the mirror, which 
readers the proper maaBgoment of the illu- 
mination impossible. Therefore, when- 
ever there ia a poasibility of choice, some 
form other than the vertical should bo 

Occasionally microscopes of this kind 
are (urniahed with achromatic ohj'ectivea of 
pretty fair quality. In such casea tke ob- 
jectires and eye-piecea, U We-j tni\j\a.^«' 




ftpplkni tu a Ijeltei- ataad, woulj be worth more tliau Uia wliol 
microst-'ope in ita original form. 

There ia, Loivever, one voiy useful purpose to which cheagJ 
microscopes of this kind may be applied. They make » veryj 
oouvenieiit bhiI efficient pocket microscope for collecting, 
stand should be cnt off above the mirror, the flat stage beiu 
left with enough of the tube adhering to it to give it stifbcBs,! 
A drop of water being placed in a cell, and covered with thin I 
gloas, ia laid on the stage and held there with the Angers. Tu 
illuminate the object the microscope ia sirnplj held up to the 
sky. Those who object to holding the slide with the fingers, 
con have a touud idate of metal soldered to the under side of 
the stage, so as to make it even. Movable clips, made by 
bending a narrow strip of hard sheet brass, so that both logs are 
even, can then be sUpjted on so as press on the slide, and on 
the under side of tiie stage. Such a microseopo is very light^ 
and may ho reuddy carried in a tnbnlai' pasteboard caae, 
any one can make 

Setting asidu these obsolete foims, oa well as Uiuse e 
which have been devised toi special jiuiposea. we find that o 
the stands ^vlllch are best suited to tiio purposes of the phy-.J 
siciau, the nnturaliat, the student, and the family, thei'o are four \ 
distinct styles, ^(h](h ma_i be distinguishiHl ns follows : Thfr'J 
Boss, the JiLckion, the Continental, and the Now Americ 
models. In ordei to gne the leader an idea of these different J 
models, and to e\ijlain thn advantages aud diamlvautagoa o. 
each, we give engiitvingK and such descriptions as will e 
Iiim to foim some idea of the stand best suited to liiu sima 
wants. In selecting i! lustrations of the different types 
taken the cheaiier forms in ijreterenee to the more perfect, but 
more exjieusive models ; aud as our object is to descrilie the 
general feutiu'es of tlie stauds themselves, and not to detail the 
merits and point out the faults of those parts which mav ba 
easily changed or altered, we have omitted all deaeriptio 
diaphragms, eye-pieces, objectives, etc. 



The BoHB Model.— The distinguishing charactetiatia 
this model ia the mode in which the body is supjiovteil. By ] 
fcrring to Plate I, it will be seen tljat the bodv is atlacliecl 
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t end to B. transvetae avm, wliivh in tmn IH Bnpported 
by a stout bar, wliich is moved up and down by means of iv 
i'ai;k and pinion. Tliia movement constitutes tlie coarse ad- 
justment, the fiue movement being effected bj means of a lerek' 
wliicL 18 concealed in tbo transverse bai", and acts upon tlio 
noso-pieoB. 

So far OB mere questioni; of convenience and adaptability to 
different kinds of work is concerned, this model is all that can 
be desired, and bb made by Boss & Co,, the workmansliip is an 
)ierfect, and the finish bo eii^iiisite, that it has long maintained 
a high position in public favor. It has, therefore, had nnmcrouB 
imitators, and has probably been copied more extensively than 
any other mtHlc! iu existence. At the recent Centennial Exhibi- 
tion there were microscopes on this model from the moat widely 
Boatteral localitieB. Canada was ropi'esentad by two micro- 
scopes made aEt«r this design. TJnfortuuately, however, this 
model is one of the veiy worst tliat a poor workman can 
attempt to imitate, for unless the workmanship is far above tha 
average, the results are execrable. The reason foi* this is very 
obvious. The body, beiiig supported only at the lower end, 
every vibration cansea the upjier end to swing througli a com- 
paratively large arc, and lience any motion arising from loose- 
nesa in the joints is multiplied a hundred fold. And even when 
the joints are firm and without shake, any vibraljun communi- 
cated to the table on which the inHtrument stands, is greatly 
increased in its efiectt when it reaches the npjier end of 
the body. In addition to this, the unsupported part of the 
body aciinires, by each movement, a momentum which reacts 
powerfolly on the lower part, and consequently on the ob- 

These detects have induced Messrs. Ross &■ Co. to bring out 
a new pattern designed aft^r the Jackson model. This dettlgii 
has been carefully worked out by Mr. Wenham, and is certainly 
very beautiful in appearance, and very efficient and convenient 
is use. Our raadei's will therefore bear in mind, tliat all micro- 
scopes made by Boss & Co., are not made on the "Boss 
model, " 
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The Jackson Model. —The apeoialcharaotei'iBtic' 
moilel lies in tlie fact tlint tlie '' ways " of botli the 
liiieaiovruKiits aro iirougUt as close ospossiblD to tkeopti 
i.I the iusti'iiuieut. In llie Rosa moLlel the coarae niovement is at 
a consiiU'raiile distanue from this asis, and any lateral motion' 
wliich may take place ou tlio Rliiliog part is gi'eallj magnified. 
at the axis of tho IhkIj— Ihc Irani verae liar, which unppoi'ts tlie 
lattei', acliiig like the loug ai-iu jf a lever to groatly multiply 
lliat wUiyh at fliat was very insignificant. Hence the advan- 
fsges which the Jaekson model presents are great Bteudiiieaa and 
the fact that, in eouimon with the Boss model, it afl'ords almti- 
dant room nuderueath the stage for those accefisoi'y methods oF 
iUomiualion wliich ore indispcusable in tho highest class of 
work. It is almost imi>ossil>lQ to nttacli to the smaller patterns 
of tlio C'outincntal model n conveuieiit snb-Btage, carrying 
])oIarizei', achromatic coailenHer, paraholoid, etc., ■while the 
model nndcr eonaideration is Hpeoially dasigned to receive 
theeo important acceaeoi-ieB. 

This model is a very general favorite both with English 
auil American makera. Amongst the latter it has been adopted 
as the best for all lii'st-elasa stands. The engraving, Plr.te n, 
shows a very oscellcnt form of this model by the Bnusch & 
Lomb Optical Company, and known aa their Large Student . 
Stand. It will he oltserved that tho body of the microscojje is 1 
supported along it« whole length by means of a tube attached to ■ 
tho arm, which is hung between two pillars, so Sa to give great 
eteadinesB. To add to this steadiness, all sharp angles are 
avoided, and the arm is gracefully curved iuBteail of joining the 
body at a right angle, as in the Bosa model, and all of those 
made strictly after the so-called Continental pattern. J 

Tlie Conliuental rorm. -Most of the Etands made by 4 
the letter class of French, German, and Austrian microscope I 
makera are characterized by a low, compact form, and great I 
Bolidiiy and simplicity of construction. They are intended to' I 
be used chiefly in a vertical position, and lience the bodies J 
are sliort, and the space beneath the stage is contracted to the I 
Ia«t iiegree. And a^ a low price is an important featui'e in thessQ 
miavsCiJjKa, the coorae movenwut iis gonevally secured byJ 
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imply sliiling the Iwdy tlirougli a tube or colliir, lu the liiglicr- 
priced slandB tliQ ooai-se moveniont is eflocted by means of b 
Tock <uii\ ]>]nioii, aniiDgcil as iu tliG "Jackson '' laciilel, but in 
both stjlcs the fine movement is genei-allj mrnii^ed in tlia 
place whei'e the coarse movement is located in tlie "Robs" 
stand. These featiirea will be found to characterize the micro- 
HcopcB of Chevalier, TTai-tnack, Sachet, Zeiss, and others. 

The term "Continental" model lias been applied Ijy otit- 
.fielves and others to any low, conjpact form of miorosoDpe, bnt 
a careful study of the subject has satisfied us tliat thiu is not 
correct. The charactei's above given are ]>eciilinr to what 
ought to be known as microatopes of the Coniinental model. 

The Continental model Los some advimtogeB on tlie score of 
coDvenienco, and oa large nambei's of oar niedical studeuts 
have been educated to its nse, it has been sueli a favorite that 
many of our prominent makers have imitated it to a certain 
degi'ee. For the ordinary work of the physician and the his- 
tologist, a low microscope, which may he easily arranged foi' 
work, and which may bo used eonvenieutly iu a vertical posi- 
tion, is certainly desirable, but other forms, jiossesEing the 
same advantages and without the objectionable features of the 
Continental model, are now in mai'ket, and have takou their 
plra. 

The objections to the Continental model as a microscope for 
the higher classes of work, ore the want of si)ace below the 
stage for illuminating accessories, and the liability of the fiao 
movement to get out of order. For it is obvious that a very 
little wear on the " ways " or "slides " will allow the body to 
have considerable lateral motion, the distance of the "ways" 
from the optic axis of the instrument being very great. Some 
of our American makers, who have adopted this fine motion, 
have gone so far as tu use hard steel jiina sliding on hardened 
guides, but with all tlieii' care lateral motion ensues 
After a Lime. 

Tbe Ne^ American Model— The more general em- 
ployment of objectives of wide angles of aperture, and of im.- 
Kirored methods of using: them, have \e4 XmeticaQ. ■mKoxA'Mi- 
■o^ introduce cej'tnin iniprovementa in fttonOta oi\cioi»w^ 
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priL-e, ami the stAndi nliiL-!i embody these improvements 
luu^i&ccLtiouii Mv »o iliBtinut Ihat they form a class hy them- 
Mires, nhich may bo ilosignntcd the " New AniPiican JUodel.' 
None ol the individnnl foatiives found iu this model ore new, 
tlie most important of them having been embodied many years 
ago ill the English jiateat of Gi'ubb, while others were used long 
ago bj Spencer in this cottntry. But Gnibb's invention, ao far 
as ve know, never came into use, and it was not until the year 
1875, that the importan<:e of the imiirovements in (incstion be- 
came generally iTcogiiizcd. Towards the close of that year, and 
the beginning of 1876, four of the prominent microscope makers 
of this country, vIk., Bulloch, Qundloch, Toller, aud Zentmayer 
seem to have turned their attention to the subject, and shoilly 
after brought out models on the new plan, the distinctive fea- 
tures of which are the awingiug of the mirror around a centre 
wMch lies in the plane of the object ; the oombinatiDn of a 
swinging with a longitndinal movement in the snb-stage, and 
the use of a very thin stage. Prior to this time, in all the best 
microscopes of English and American make (at least as de- 
Hcribed iu tUe catalogues of the dealers), the sub-stage ivas made 
to move only in the line of the optic axis of the instrumenl ; 
the American makers took a new departure, and the new model 
is the result. In its popular forma this model is character] zeil 
by great simplicity in its working parts, while at the same time, 
being provided with the very best means for adjusting and 
registering the illumination, it is a stand which is sufficient for 
the highest class of work, except, of course, in a few special 
departments. 

So far as our knowledge goes tliere are at present before the 
public four stands of comparatively low priee, which may be 
relegated to this class. They are : The "Acme " of J. W. Sidle 
i Co. ; the "Biological" of BnUoch ; the " Histological " of 
Zentmayer, and the "Investigator'' of the Bausch & Lomb 
Optical Company. The large stands of the Bausch & Lomb 
Optical Co., of Beck, Bulloch, Eoss. Tolles, Zentmayer, and 
others, are of course quite as ef^cient as the small stands we 
hc.ve named, but the price ia greater, and the convenience of 
i&e gmall stands, n'hen used as working miotoseopeB, is in their 
At the en<3 of this volntae t\\6 wtkOiev -w'iNi 4.U&, -^tiuat. 
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Dltho "Acme," tlie "Biological," tlie " Hislological " auil tlio 
"Investigator" stanils, ami «-p woulj recommend the readei' 
to study fareliilly their sevci'ol Kiiurial feafiireB. 

The "Acme" ivilj be tleBCrilwHl iu ita liinoculw form, and wa 
therefore pass, iu uljihnbetidd oitlej', to tlie "Biological"' .stand 
of Mr. Btdloch. which ia shown in Plate III. 

It will be Been at onca that this stand ia Bubatantial aud flim 
in ftll its parts. The coarse movement ia by rack ami pinion, 
and the body is snpjiorted, as in the Jackson model, along 
nearly its entire length. The fine iiiovpment acts ui>on the 
entire body, tlio coarse movement included, so that the distance 
between the eje-pioce and the objective ia not affected by it. 
The stage ia thin, bnt Bubstantial, and is so cut away at the 
well-hole that light of great obliquity can boused. The stage- 
plate rotates in a ring, and may l>e clamped when neceasary by 
means of the small screw seen in fiont. By loosening this 
screw the plate may be entirely removed, and then, when the 
body stands upright, a simple plate of glass may be used for a 
stage, and thus all danger of injury from acids in avoided. The 
ring in which the stago-plate rotatoa is held in ]i]ace by two 
capstan -headed screws, and when these are slacked it is easy 
to adjust the stage so that it shall be concentric witli the optio 
axis. Tlie suli-stage is arranged for adjustment in the same 
way. It is adapted to carry the standard size accessories, and 
is furnished with an adapter which has the Society screw, Bo 
that ordinary objectives may l>e Ti.=ed as condensers. Mr. 
Btdloch also furnishos a diaphragm of peculiar form {shown in 
the engraving), which we have found very efScient, both with 
The special feature of models of this 
1 the method of hanging the mirror 
B attached to separate bars, which 
e of which is a little above the level 
of the stage. A stop is also provided, whereby they may both 
be placed precisely in the line ot the optic axis. Both nivrroT 
and sub-st^e may be moved towards the stage and from it, and 
tlie movements of both are entirely independent. The conse- 
quence is that the various forms of illuminating apparatus have 
A range of niljustmeat that canaot be obtainei V\'OQ.'Onft <A^.«t j 



direct and oblique light, 
class is, however, shown i 
and anb-stagc. These ai 
rotate on an axis, the plat 
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The inBtrument, aa ehowu in tho cut, is about two-fiftlis of 
the rent aize. Wlien the limw-tube is out, the body haa ilie 
Ettandord length of ten iuchea, cmd it is fnmished with tliu 

hroad-gaage " screw, to which is fitted an adapter carrying 
the Btandard Society screw. 

Thoflj^t stand placed in market at a moderate price, aail em- 
bodying the special features of the new American model, was 
the Histological stand of Mi'. Zentmayer, which is shown in 
Plate IV- The base and uprights of this stand are one piece, 
of tt pecnliar shape, of great rigidity, to which the beU-metal 
bar is attached by a joint, allowing the use of the instrument at 
any angle of inclination ; the perpendicular and horizontal po- 
sitions are indicated by Btojia- The coarse adjustment is by a 
rack and pinion, or in cheaper forma by a sliding tube. 

The fine adjnetment is by a concealed lever, act«d upon by a 
delicate screw, and moving the entire body, which is fitted 
to the grooved bar, giving a steady and delicate movement. 
The arrangement of the swinging anb-Btage and mirrors is 
easily understood fi-om the engraving. 

The removable sub-stage carries the diaphragms, whiL-h can 
be shifted up close to the object. 

The stage ia a modification of the glass stage, and consists of 
a glass bar kept down by two spring clips, against which the 
object rests. By this method the object may be moved in the 
latitude, the longitudinal movement being accomplished by 
hand. The spring clips may be used independently for hold- 
ing anytliing in a fixed position, by simply placing them in the 
extra holes provided for that purpose. 

The "Investigator" stand ia shown in Plate V, and also 
presents the special featntea which we Lave mentioned. The 
mirror-bar is swung so that its axis of motion lies in the plane 
of the object, and it can-ies the aub-stage, which may thus I>a 
iuolined to any angle with the plane of the stage, or it may bo 
brought entirely above the latter. The mirror is attached lo 
the mirror-bar by means of a seooudaiy bar, which thns permits 
the use of the mirror independently of the sub-stage, and both 
mirror and sub-stage may be moved to and from the object 
The Bub-atagQ may be i-emoved entirely when desirable. 
Tb order to secure the convenieac« ot. Uxq V 
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lie cotiBtraction of microBcopes consisting Bimply of a body 
n'itli its odjustmentJi for focussing ftiTanged oil tho simplest 
kind of a support — usually a rod and foot somewhat like a re- 
tort stand. Sucli microscopes have boon usied largely foi' exam- 
ining objects in aquaria, and benco the name. They are also 
applicable to the e^camiiiation of writing, the sheet of paper 
being simply spread out on a table and the microscojie p]acc<l 
on it ; to the examination of portions of the uni'face of the 
human body in Tarione cases of skin disease, and, in short, to 
the examination of any object ivhich cannot be conveniently 
placed on the stage of an ordinary micj'o»uoi>e. 

MicTOMopei for Special Purposes.— In addition to 
tlie microscopes whicli we have described, eome of whieli have 
been devised ivith a special vie"' to certain particular lines of 
reaeareh, it often hapxiens that a microscope is needed for a 
single purpose, and tor no other. Thus, tor example, in Ger- 
many, a few yeare ago, mieroscopes were made and sold tor the 
sole purpose of examining flesh for trichinie. Tiiese micro- 
scopes were very simple, and wlien their quality was CDnsidered, 
they were very cheap — the cheapness being due, in a great 
degree, to the fact that no i>i*ovisiou had been made for a 
multiplieity of conveniences, which, in the ease of these special 
instruments, would never be ol any Tise. Ae the microscope 
becomes more generally used, and the people at large become 
more thoroughly acquainted with the exti'aordiuary aid whieh 
it is capable of rendering to those who are engaged in the arts, 
it ie probable that tho nambers ot these cheap microscopes will 
increase, in which case we may cspect to see the price greatly 
reduced in propottiou to the (quality. 

''Class" Microscopes.-'When a number of objects are 
to be shown to a class or to a scieutiflc meeting, it is desirable 
to avoid the ineonvenience arising from each individual having 
to go la the instrument, and this is unavoidable where ordinaiy 
microscopes are used 3a fised tables. Prof. Quekett got o 
this difBculfy by having his class-room or theatre fitted up with 
rails upon which the microscopes with their lamps n 
from one to another, and where the company is small, the ci 

1 revolving- tahle meets every veqmvemciiA. "BwV: Vae^fti '0»\a J 
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clasH or meeting is large, the best Jevii-o ia that of Prof. 0. W. 
Holmes, whose claas mici'oacope, 08 made by Messrs. J. W. 
Queen & Co., is Bhonn in Figure 13. This inatrament is of the 
Himplest constmction, bo ae to reduce tbo cost as much 
poBsible, and it is made largely of wood, so as to be light and 
easily held in the hand. The objects are viewed by direct light, 
without the intervention of a. mirror. The lamp used is a flat- 
wit'ked one, the edge of the wick being tunieil tnwards the 
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Fig. 13.— BOUtES' 



object when high powers are used, and the flat side of the wick 
when the powers are low. 

For opaqne objoeta, the lamp is raised to tlie top of iia stand, 
and its rays allowed to fall upon a small concave mirror at- 
tached to the iron frame by a nnivers^ joint, whence they are 
reilected upon the object. The coarse adjustment is effected by 
sliding the body through a ehoil; split tube, and the fine move- 
ment by means of a delicate screw, which acts on the stage. 
The entire height of the iustmment ia about twelve inches, size 
of Imne twelve hj four inches. 
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OBJECTIVES. 

Tte modem componnd micnwoopo owes aJmoBt oU its value 
to the Itigl) degree of pertectian which has been attained in the 
constmction of the objectives used with it Some of the old 
microscope stands were quite as elaborate, and quite as costly, 
as anything that can bo found in the workshops of our modom 
opticians, but from the fact that the objactivee were defective, 
theit value as instrnmeute of research was of a very low degree. 
In these old microscopes even the highost power objectives were 
simplj bite of ground glass, such ae nith our modem appliances 
might easily be produced for ten cents apiece, while a modern 
objective of the same power, by any of our first-class makers, 
would cost at least one hundred dollars. In mechanical exe- 
cution the modern objective approaches more nearly to theo- 
retical perfection than any other instrument made by man, but 
the reader must not infer fi'om this, as some have done, that 
it has reached the limit of jierfection, and that nothing 
is to be expected. This was said ten, twenty, and thirty years 
ago, and in each eaf?e the words hod hardly been committed 
to paper before some optician proved their falsity by accom- 
plishing that which had just been declared to be imi>oasible ! 
Within the past few years the most wonderful improvements 
have been effected, and from present indications it would seem 
that we are on the eve of still more startling developments. 

Since, then, the objective is really the most important part ol 
every microscope, seeing that the quality and tmstworthiness 
o£ the work done must depend to a very great extent upon its 
efficiency, it is of some importance to the microscopist that he 
shonld have at least a fair understanding of (he causes to which 
the superiority of modem objectives is due. 

When we use a simple glass lens as an objective for a com- 
pound microscope, we find, on attempting to examine objects 
under powers of more than one hundred diametere, the following 
defects and difficulties : The field of view is so dimly illuminated 
that objects are seen with difficulty ; the outbnes of thedifTerenl 
parts, instead of being sharp and clear, tnt ftncV wiiVwc;-- 
Bereral of the lines are fringed with liiriWmiA co\ova,\va\. cOv">-* 
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wUoh do not belong to the objeclB, and finnllj, if the ontlineH 
ot tlw objeol slioal.l happen to be straigUt lines, and be known 
to be enoli, it will be found that they wUI appear to be corred 
Mid dlatotted. It is evident, therefore, that a simple lens can- 
Dot be iiB^ Ha an objective in anj important work; ita indioa- 
UoDS ore unreliable, and the imagination is allowed full scope, 
■n that the eje is enabled to see whatever the mind deairee 
to see. 

The defects which we have just detailed, and which are fonnd 
in snij simple glass lena, whose surfaces are bounded with 
oarVM that sre parts of circles, are largely due to what ia called 
tpharicat Mad chrvnuilio nlutri-'ition. As these terms are probably 
not familiu' to many of our rendera, we will give a.a full and 
aituple au explanation of the subject as eon be done without 
the lurmal aid of niBthematics. 

Spherical Aberration.— The enlarged image formed at 
llie (uetut u( any U'tis, and rendered visible on a screen or sheet, 
is prodiirad ia tliis way: The rays proceeding from the object, 
Mid piULsiug through the lens, are, by the action of the glaaa, 
b*iit from the puth they would otherivise pursue. Tlte object 
may u( coune besnpposed to conaiat of an infinite unmber of 
puiuts, and from these points niys proceed in every direo 
liuu, and ooQsequfiiitly throngh every part of the lens. I! thi 
lens noro perfect, all the rays from any one point wonld be 
1'TOUghl logetlior nt a second point correspondiog with the 
liwt. Uufortutiulely, however, the ordinary lens does not do 
I his; tlie coiitiitl poi-tions of the lens and the ontcr por- 
lious act dilfi<n'n(Iy; the one brings the rays to a focns at 
a pulut ft Utile noiut^r to the lens than the other, and, oou- 
•oiliivntly, althouijh we move the screen to a alightiy greater 
«r loM dislMiK'ri, we still get an im.ige of about the same 
dWIH of diatinotuess. It is obvious, thtirefore, that when 
■ibMd ftt any disttmcv within certain liniita, the screen wiU 
.fMllfa not one image, but n series of taiim-s of images as it 
WSi, snd this consequently gives an indistinctness to the 
rMtiltliig IniiiKi' 

Our reiuU<ra will And no difiion% in thinking oat this 
tut UltMBMlTes, uud <M\mii Viiej Wio axinfA aji olea* 
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toAei, this microscope ia proviiled with /tto draw-tubes, elidiDg 
one within the olher, bo that the body maj be shortenDd as 
BiucL as poseible when desii'ed. The first iliuw-tube has the 
Society screw at the lowor end, so that low-power objectives of 
Tory great working dJHtauce may be nseil ; and as, by means of 
the second draw, the dntw-tnbe may be maile of the usual 
standard length (ten inches), it may bo used us the body for 
»ny objective, and quickly focnssed bj sliding it in the enter 
iabe, the same as in inetmments without rack and pinion ad- 
justment. The " broad-gaiige " screw hna been added, so that 
low-power ohjeotiTes of wide angle may be used to tlie greatest 
kdvontage. 

Cheaper Stands.— The etauds which we have just de- 
Bcribed, are, of neeesaity. somewhat expensive, because, unless 
workmanship ia of the very best, liio performance is ijuite 
■unsatisfactory ; and as a stand alone i» of no use, an outllt 
which includes such a stand is frequently beyond the means of 
students and others. To meet the wants of such persons, the 
:nufacturers we have named, together with Klein, 
Fike, Schrauer, asd others, have brought out stands, which, 
when complete, with case and ohjoctivea, are sold for about 
tiie price of the stands we have described. For the study of 
alementoi'v botany, hititology, etc., many of the^^e cheap micro- 
scopes answer a very good purpose. They enable us to follow 
descriptions given in the boots, and the view o( any object 
which we obtain from even the pooi-est of ihem, is infinitely 
lietter than any representatiou which can be given by an en- 

■ftving. The better clo-sa of tkeae laicrosoopeB answer well for 
the ordinary purposes of the physician, and, as they are simple 
And easily used, they are fi-equently jirefeiTed to more exjjcnsive 

id more complicateil in.itruments. ' 

The Binocular Microscope.— More than two hundred 
years ago, attempts were made to coufitruct binocular micro- 
Bcopoa, and yet a good and efficient binocular is a thing of 
'eaterday. The first really efficient binocular microscope was 
wnatructed by Pi-of. Riddell, of New Ovleau?,, aVsoiA ^3aft i«ffl- 
aaa. n/ii? to tjih fact Jfr. Wenham liaa \iom.e Ssee wiiiL %'«i«t'3>>a 



toJ^tilll'^l^)■ in a letter aililresscil to llie English Mechanic, ft 
Mr. Wenliftiu, Iiimself, however, is due tlie honor of having 
(leviBeJ Sk fona of the binocnlar wliich is at once efficient 
nnil of moderate price. Mr. Wenharo's form has been adopted 
bj all the American and English makers that ntannfactnre bi' 
nuculars, aoil he has. therefore, laid all miuroscopists under 
deep obligations, not onlj by devising Riicli simple and efficient 
means of accomplishing a most dcaimble rennlt, but by giving 
the use of his invention freely to tlie ivorld. 

Of the value of the binocnlar, there ie a wide difference o( 
opinion, some regarding it as a mere toy, altt^ethet* beneath. 
notice as an instrnmcnt of scientific reaearcb, while others C' 
sidet it a most important addition to our means of invest! 
tion. Since, however, it will almost always be found that tl 
who place a high valne on the binocnlar ore those who Lave 
used it most, while those who deci^ it know absolntely nothing> 
of its merits, and iit some coses ore even ignorant of the man- 
ner of using it, the reader will have but little difficulty ii 
cidiug on which side the trutii lies, In England, where cheap! 
and good binoculars are common, this form of instmment h 
become a great favorite with all the noted microscopists, i 
we refer not merely to men who own microscopes as a 
amnsement, bnt to those, who, like Cai-penter and others, liaTfl 
enlarged the boundnries of knowledge by their researches. At 
present the binocnlar is gaining rapidly in favor in this country, 
and vei7 excellent instruments aro now turned ont by several 
of our American microacopc makers. 

There are, of course, ccitain limits to the range of usefiilnesa 
of the binocular microscope. As at present constructed, it is 
moat efficient in the use of the low powers, and hence, there 
are certain classes of work to which it is jwculiftrly applicable, 
while in other bronehes, particularly certain departments of 
histology, it is of comparatively slight advantage. And it will 
in genei-al be found that the principal opposition to the binoc- 
ular has come from continental histologists, who, because they 
fonnd it of little use to themselves, concluded that it could not 
Ijossiblv lie of nse to any one else. 

Tlie atlvantages presented by binocular instmments are two- 1 
/oJil; tho reiieftothe ohservet amitiR ixom. ttia ^liilitj to a 
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bo& ejea ia very great, and tlie -vievr whieb is obtained of any ob- 
ject is so mncli clearei' and more realistic, tbat vie at once per- 
ceive, by our mere sense of vision, tbose features whicb we would 
otberwiae bavo to work out by tedious mental processes. It boa 
been said by some tbat the binornlar is apt to exaggerate tbe 
stereoscopic effects, and give false views. Tbis is certainly not 
tbe case under ordinary circumataneeB, and we doubt much if 

We bave selected as an JlluHtratiou of the binocular micro- 
scope, one of moilerate cost, wbicb combinea tbe binocular 
feature with those peculiar to tlie new jimericau model — the 
"Acme," made by J. W. Bidle i Co., of Lancaster, Pa. TLis 
instrument, in its monocular form, was, v/e believe, arranged by 
Prof. J. Edwards Smith, and the details of its construction were 
worked out with special reference to tbe use of objectives of 
bigh angles. So far as this purpose is concerned, the "Acme" 
bns many points in common with the ''Biological" stand of 
Mr. Bulloch, the " Hiatological " of Zentmayer, and the "In- 
vestigator" of theBausch jiljomb Optical Co., the differences 
being ohieSy in details of construction, which leave room for 
choice on tbe part of intending purchasers. We therefore tnm 
to the biuocnlar feature as being that with which we are now 
more immediately concerned. 

The binocular in general use, being that in which the Wen- 
ham prism is used, consists of a main body through which the 
half of the rays transmitted by the objective pass directly to the 
eye-piece. In the figure {Plate VI) this body is the one nearest 
to the reader, and connected with it is another body, throngh 
■which the other half of the rays pass — they being diverted in 
this direction by the prism, which, when in place, cuts the cone 
of rays from the objective in two. The frame which carries 
this prism is seen just above the point at which the objective is 
attached, and it is ho arranged, that when desirable it may be 
drawn out, and thns the prism becomes inoperative, and the in- 
Btmment is practically converted into a monocular one. This 
ia one of the important advantages which are peculiar to the 
Wenham prism. In some forms of the Acme binocular the 
entire fittings of tho jirism may bo removed, 60 wi"CiCilW\otet- 
fe;ie trith wide-angle lenses of low power. 
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As eyes differ greatly in Oieir distance aport, the eye-pieoas 
in the binocular are made variable In this respect by being 
puslied out or in, either by a lever or a rack and pinion. As 
the bodies are not parallel, but form an angle with each other, 
it is evident that the tnrther the eye-piecea are drawn oat the 
wider apart do they become. 

Binocular Eye-Piece.^A very valuable and efficient 

means of converting an ordinary monocular microBoope into a 
binocular, has been devised by Mr. Tolles. The one which we 
poBseaa gives excellent results with objectives of higher power 
than tliose available with the Wenhani prism as ordinarily con- 
structed, and it is greatly to bo regretted that its high price 
(S80) placee it beyond the reach of tliose for whom this worlc 
is chiefly intended. It has been copied extensively in Europe, 
but we bolievo that it is now definitely settled that the honor of 
the invention belongs to BIr. Tollea. 

The luTerted Microscope.— Some years ago, Pi-ofessor 
J. Lawrence Bmith devised a microscope specially adapted to 
chemical iuveetigations. In this instrament the stage is placed 
fiBBj- the objective, which is inverted, and the rays from the 
object, after being reflected dou^ti through the objective, enter 
a prism, which so changes their direction that they pa^ up the 
body to the eye-piece, and thence to the eye of the obserrer. 
For very many investigations the inverted microscope is a very 
useful instrnmetit. 

Llfliological Slicroscopes.— The application of the 
microscope to petrology, or tlje Ktudy of rocks, has now become 
such an important de]>artment of scientific research that miero- 
scopea specially adapted to this purpose are manufactured by 
several makers. These microscopes possess several veiy im- 
portant conveniences, which are almost indispensable for such 
work, but which the limits of the present volume forbid ns to 
describe at length. 

Tlie Aquarium Microscope.— The impoi-tance of the 
compound microscope io the examination of small portions (in 
•iiVf') of large objetljf, withont any jirepai-ation whatever, has led 
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npon the eabject, tbey will see tbut Bpherioal aber- 
ration IB oanaed by tbe difference between the extent of the 
refraction prodaced at different pni'ts of tlie Urns, and thia 
applies not only to all tbe raya proceeding from each in- 
dividual point, but to tbe aeveiaj pencils which proceed from 
different points. 

evident that if some parte of the lens bring the raya to a 
focns at a shorter distanoe than otUerti, these parts miut magnify 
more, and such is in reality found to be the case. But if one 
part of nu object la magaifitid more than another, tbe image 
will bedistorted, and hence we have what is sometiuifs known as 
lAerraiion- of form. This diatortion is easily seen by examining a 
piece of muslin with n magnifier of high power and large 
diameter. The threads in the centre of the field of view* will 
appear to be straight, while those at the outside will appear to 
be cnrved.t 

Gbromatic Aberration, —This is a defect of ordinary 
or uncorrected lenses, whereby they not only act as magnifiers, 
but aa prisma, decomposing th& light, and oaasing objects seen 
throngb tbem to appear with a fringe of color. Common hand 
magnifying glasses, used in the ordinary way, do nut exhibit 
this defect toa very marked degree, but when the images formed 
by lensea of this kind are again maguifled, as is done in the 
oompoucd microscope or telescope, tlie color becomes very dia- 
Bgreeably perceptible. 

it that portion of tlie object which is visibb 

-fin ordinary leaeeB and miorosoopes, la whtob this defect Is not cor- 
oted b; the struotnrs oF the glaaaea themBBlvea, tbe effects ot aphsricat 
tbaiTation are lesBeaod by cootractiiig the field of view, ao tbat only those 
farta of the object which are aoen through the ceclre of the lens or objec- 
tive are looked nt. TtuB oontnctioDiB aaiially effected by meaoa of dia- 
pbragma, or rouoii plates of metal pierced witb a oeiitral bole, wluoh are 
(opiacedas to ont off the raysnhich p&Bg through the edge of Ibe lens, 
■adleafeouly those that are oeatral. ThU pUo, however, ia ooly the 
•absHtatton of one defect tor another, far by laaaanlng the Bold of view of 
the lena, we are prevented from aeeing more than a very small portion of 
the object, and m addition to thia the light iB BO !^wc\lIe&uttai'l.\v^^.^^io 
vbjeelis geen oaij vriih very graat difficulty, ani ao\. b.\. yi\.u\eM\'3, 



^B Corrected Ob}ectire».— The defects which va have jnsl 

^m deMiibed have been the chief difficulties in the way of perfect- 
^f iDg both the microscope aod the telescope. la the case of the 
latter, liowever, it woa long ago found that very excellent re- 
sults could be obtained bj forming the lenses of two or more 
pieces of glosa of diETerent kinds, and numerous attempts were 

Intade to applj the same princi[>ks to the constrnction of the 
microscope, but without marked success. The small lenses 
used for the mioroaoopc seemed to defy the skill of tha practi- 
cal opticians of those days, and resort was had to snch devices 
as lenses made of precious stones, and the use of light wliich 
could not be deoompoaed — ntono-cJiromttic light as it was 
called, or light of one color. Such light is readily procured by 
the combuation of alcohol miied wit'i common salt, and when 
illuminated solely by such a light, a, brilliantly colored painting 
looks exactly like a plain black and white engraving. But 
although the use of such a light lessens the evils cnuaed by 

I chromatic aberration, they introduce another which is quite 
aeriouB — objects wiiicli are really colored, appear in black and 
white only. Moreover, suoh a light cannot easily be obtained 
of a brilliancy sufficient to affL>rd good illumination, and in 
addition to this aU the defeats due to spherical aberration still 
remain in full force. 

The first attempts made to perfect the object- glasses of micro- 
scopes, consisted ia the use of doublets and triplets, it haviag 
been found that the spherical aberration is greatly lessened, 
when the total refraction is divided up amongst several Burfaces 
of moderate curvature, instead of one surface in wUich the curva- 
ture is CKOCssive, und this plan is still pnrsned in the oonstrnc- 
tion of what are known as French triplets, which will be de- 
scribed hereafter. About the year 1329, however, Mr. J. J. 
Lister, of London, England, published an elaborate paper 
upon the subject, and it was from the principles laid down in 
this paper, that all the important improvements in the modem 
objective took their rise. These principles were embodied in 
the practical construction of objectives by Andrew Roas, who 
suggested the important improvement known as the aitjust- 
zoeat lor thickness of cover. To Lister and Ross, therefore, 
j't ma^ be jantlj B&iA that we owe fcat QnB\.\ca.\ 'wotAsk, ■&» 
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n objectire, [jr although great i nprovements Lave been 
B loade within the past tew jenra, it is upon tbe rcaults of theit 
i labors that these improvemeuta bava bean baaed. And yet, 
I notwithBtaadiQg this well-kaown fact, the names of thesa 
' diBtiugnisLed microsoopiBts are not bo mnch aa mentioned 
n this conaeotion in the rooent work of Dr. Frey, whioh has 

been lately trLinslat^d into English, and extensively circulated 

In this country I 
In estimating the quality of an objectiye, there are certain 

features to which especial attention must be given. Aside 

frommagnifyingpower, which, of course, cannot be regarded as 
I affectingthe jiui/i/y of an objective, these points are: 1. Defin- 
I ing power; 2. Achromatism; 3. Freedom from aberration 
I of form; 4. Flatness of field; 5. Angular aperture; 6. Pene- 
I tratioc; 7. Working distance.* 

Definins Po«*er.— This ia undoubtedly the most impor- 
tant quotily to be sought for in objectives. A glass that ia 
deficient in this point is absolutely worthless. Want of de- 
fining power is shown by a general haziness and thickening of 
the outlines, together with a want of ciearnesa in the details. 
from the presence of either spherical or chromatic 



"Tlie authors of the Micrograpliio Dictionary ei 
I points u thoee in wbich object-glaBsea differ from each other: 1. Msgtii- 
I Qiog potcer. 2. Defining power. 3. Penetrating pa«er. i, Tlieir coc- 

■ tective adapt&tloDB. The function g Mlribn ted to " defining po>teF"Bre 

■ the same aa those given b; other writers; "penetrating power " seems Ui 
M'iie eqaivalent to what ia generally called "reBOlving power;" "corrective 
ridaplKtion''Uinorely tbepreaenceot a means of sdJoBting forihlckntts 

■ of glaBB cover. Frey diatingniahBa two sttribateB of object-glitBaes, viz., 
defining power, and penetrating or resolving power— penef rating power 
and reaulving power being conaideied by him lo be the aame thing. 
Carpenter entuneraloa four diatinot attribateB of object-glaSBea, fix., 
" (1) Dining power, or the power of giving » clear and diilinct image of 
all well marked featores of an object, eapecially of Ita boundaries; (2) llx 
pauiraling power or focal depth, by which the obeerver is enabled to look 
ioCo the atmatare of objects; (3) ita reaoiiting po'uer, by nhich It enables 
oloiel? spproxhnated markicgB to be diBtinguiebed; and (4) the finlness 

ttf Bit yWd which it gives." We cannot regard any of these classifica- 
tloDB, ai strictly logical. Beale makes no formal statement, but gives 
■owe vary eicellonl practical directiona in legHilaftit Mtodton sA fivi- 
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aberration, or both. It might 1m oaused by a want uf flnieli e 
the sor races of the leDses, but this ia seldooi tUe otue in prao-'V 
tiee, except 'where the objective haa been exposed to soi 
roding fiimea or liqnids. Old objeatives that hive been very' 
cxcilunt in their day, sometimea fiiil ia defliuDgpows^r, (rom 
the f.ict that the snrfaoe bocomea covered with a greasy dejiosit, 
very alight, it is true, but juat enough to destcnj the efficiency 
of the glass. Objaotives in this condition aliould be returned 
to the makers to be cleaned. In one case we funnd that in a 
lens which failed to show anything clearly, the difficulty aroau 
from the fact that the cement used for imiting the glasses o(_ 
the combination had become affected. The objective was by m 
weh-known maker, bnt was over twenty yeira old I 

AchroniatisBi.— When an objective shows mnch color, it 
fails to define well except by monochromatic light, such aa that 
obtained by passing sunlight through a cell filled with the blue 
solution of copper in ammonia. A very alight degree of color 
is not regarded as objectionable, and indeed it has been found 
almost impossible to Becnre the reqiiisite angnlar aperture and 
absence of spherical aberration without leaving a little color. 
Some of the best objectives, therefore, show such objecta aa 
the /*. rmgultilum, with decided colors, and yet well resolved. 



Aberration of Form.— An objective may appear to de- 
fine ail object perfectly, and yet give a vary disforted figure 
it, just as a cylindrical mirror gives a perfectly definite, thonj 
very distorted, image of objects seen reflected in it, Aberra-^ 
tion of form may arise either from over or under correction of 
the apherioal aberration, or from want of homogeniety in the 
glaea used for making the leunea, or from a want of perfection 
in the workmanship — the BUTf.ice3 of the lenses not being per- 
fectly spherical. Somotimes this defect is shown very clearly 
on one side of an objective, wliile the other side is not aflfeoted, 
and this fact may give rise to very curiona results when the 
objective is tried on different stands, and with oblique light. 
Owing to a variation in the point at which the screw thre*^. 
begin in the different atauds, the cibjeclive, when fairly 
19^ flw^LfiFe a different poution. in eiiA\\,naTe%a.xi^\W 
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trom whicti tlie illuminntioa comes. The conseqneiKie is, Ihnt 
KU objective w'-iicli may give excellent results on one aUuil, 
may tjjl ou anoLlier. An easy way of trating thia fact, is by 
means of a. rotating adapter. Of course tlie best teat for aber- 
ration, of form la tlie Brtifieinl f.tjr, tUougli in the bonila of tbe 
beginner, a micrometer, ruled iuto squares, is probably the 
must availuble teat. Any trace of tlie defect under consider- 
alinu will be shown by tbe lines being curved. 

When the lines appoar curved, from tbe fact that theRpherioal 
aberration has not been properly ooireoted, tbe nature o! the 
error may ba determined aa follows: Wlien the micrometer 
lines ore widest apitrt at the centre (like the lines on a map of a 
hemiaphei'e} the spherical abiirnition bos been over-corrected. 
It is nnder-oorrected when the reverao ia the case, 

Abermtiun of form is one of the worst faults with which a 
lens can be affected, and experience baa shown ua that it is tbe 
one which is Ibost apt to be detected by a beginner. An objec- 
live miiy give a "beautiful" image, and yet be worthless 
because affected with this defect 



Flatness of Field.— It, when we examine a perfectly flat 
object, every jiart included in tbe Held of view ia clearly in 
(oeus, tbg o!>ii?ctive ifl said to have a Jiid fiehl. Waut of fliit- 
ness of field ia shown by soma parts of a fltt obji't bting 
nlear and weli-deflned, while other purta are out of focus. In 
general it happens tLiat where this dufect exists, the centre and 
circnmfereni^e of the olgective do not act together. 

Angular Apertiire.—Tbia subject has given rise to some 
of the moat vexatious questions connected with microscopy, for 
a discnsaiun of which we must refer our readers to tbe ])ages of 
the microscopical journals published during the paat few years. 
The views which have been promulgated by the twoscboola into 
which microBOopista have been divided on tbe questions affect- 
ing angular aperture, have been of an extremely opposite 
nature, and few scientific disputes have been waged with more 
bitteineaa and peraonalitiea than that which has been called the 
" Battle of tlie High and Low Angles." Now that yia aauiVo, 
liosiu ameaaarocleareilRViaj, and tUftt ^e ave i^ftVi^'J^Wi^ 
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calm view o! tlie actual results whicli bave lieen attaiued, tl 
ia little room for doubting that the wide anglen liave gained tbe 

victory iu all llie most iuipovtuut points. In a subsequent 
■ shall give our vie\¥ iii regard to tlie cir<;uinBtouocH 
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■^^*^"r ' ought to iniluenoe the beginner in the selajtion of ob- 

*^fl * ^cussiou of what angular aperture ifl, and its 

■ ' •O'^^'ioe upon the working qualifies of the objective. 

- .,. ^ '^Sf who will carefully look over the pages of 
jjji copic journals publialioil durtug the lest few years, 
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■^ ptobalilj- finil tliftt amongst the combatants even tke tl^uilioit 
of angular apertBTO seems to be undecided, all of wliicU ia, of 
coarse, veiy puzzling lo a beginner. We do not propose to 
decide this I'exed question, but tLe following statement will, 
f(re liope, enable our I'eadera to form a clear idea of wbat tbe 
Tiler writers meant by tliia term. 

i Dr. Goring, we believe, that fii'st pointed out the 
1 advantages of high angles, and auggestod the use of 
It objects, and the figures on the preceding page were used by 
n to (lefiUB and explain what Ue meant by angular aperture. 

e figures, LL and L'L' are Iwo lenses of the samo 
ignifying power, bnt different angular apertures. It will be 
n tliat the eune of i-ays proceeding fi-om O, is substaiitially 
a that from O', but tltat the lens L L takes in a larger 
fl of the cone from 0, than the lens L' L' does of llie cone 
, Tlic angles L L and L' 0' L' are the i-espective 
& of the uuguhu ai>e t e t tl e t o leiisea. 

ihe lefi t o of angulai' ai^rtuie, 
g ea bT Go mg bos been followed 
by all sukequent writei'B, the ac- 
c mi BJjyi fc figure being that used 
b D Ca 1 nte for the purpoee of 
e ilainu^ ani defining the same 
th ug In this fig re the compound 
lenses 1 an 1 3 are parts of an 
achiomat ol je t ve «itho'iit its 
brasH mounting. The line, « c, ia 
the fi'ont of the objeetire, and 6 ia 
the object. In this case the angle, 
a b e, is the angle of ai)erture, and it 
Jig, 16. is evideat that if a c had been made 

of a larger diameter, or if the eurva- 
<B of the lenses, 1, 2 and 3, had been such that the distance 
c from b had been lessened, the angle, a b c, would have 
a ineteased. The points that we Lave mentioned as govern- 
r aiJerture aie in geneml controlled by the 
bliaracter of the glass used, ami by the formula (as regards 
rves, distance, etc.) employed by the optician, and ho cannot 
SfVifttct'oni thoni without an entire clian^e ol <ljea\^a. 
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Dr. Goring devised Beveral practical mothode of measann^ 
tlie tmgnlar aperture of different objectives, and he gives a very 
111 clear descriptiou of an arrangement adapted to liia own 
inatrument, in which the foot was made to rotate on a carefully 
centered and graduated base, and modification 8 of this plan 
have ainee been adopted by several of our prominent micro- 
GCojM makers. It has been pointed ont, however, that, as 
OBually employed, the angle which ia measured by thia method 
is not the aagle a b c, aad althongh the angle which is actually 
determined may be of great value in determining the Linalities 
of an objective, it can hardly be denied that to apply the term 
angular aperture to aay other angle than the one that has been 
deacribed, must tend to introduce a confusion of terms, and ia 
altogether wrong. But in order to be strictly accurate, this 
statement presupposes a condition which is unfortunately too 
fi-eqaently overlooked, and that is that all the proportions and 
curves of the different parts of the objective are perfect. To 
make thia clcai', Jet us assume that Fig. 16 truly represents an 
objective of which the diameters, curves, and distances apart of 
the several lenses, ate abaolntely coiTect for the kind of glass 
used. It is obvious that by slightly increasing the diameter of 
lens 1, or by changing the relations of the tliree lenses, the ap- 
parent angular aperture might be oouaiderably inoteaaed. We 
ivonld soon find, however, that this increase was of no advan- 
tage, because after passing a certain degree the back combina- 
tiona would fail to utilize the additional rays admitted, and tha 
result wonld be that the performance of the lena would lie in- 
jared mtherthan improved. Therefore, although in &praperly 
cmislruc/etl lena the angle abc shows the tnie angular apertnre, 
this will not he the case if the oi)tician has made the front, a u, 
larger than it ought to be in relation to the other parts of the 
objective * 

nnfortunate, hut an indisputable faet. that this very 
1 fiequently committed by makers of objectives, who 
either have not studied, or do not appreciate the qualities ot 
lenses ot wide angles. They therefore make objectives ■which 
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•The reader vrho desirea to parsua this « 
cuwedui Dr. BlMkbam'^ pape? era Angular 
pablisbeit lu a sejiarate locm, 



Mfict will flnd it fully d 
Aperture, which liaa be 




i^iddy divergent pencils, but which fail to give distinct 
and Bharply-defined images. Such lenses, when meiisureil by 
the older methods, indicate extruardinaiily large angles, and 
yet fail to have a resolving power at all commenBnrtite with 
the aperture claimed. Indeed, when such objectives ore 
diaphi'ogmed down to moderate angles, their perfoimance is 
frequently greatly improved. The action in this case is aimilar 
nk> that of tlie diaphi-ogme in the band magnillera, shown in 
a 2 and 3. In these simple lenses, it is found that by 
ratting off the outer rays, which do not come to the same focus 
B the control ones, the definition is greatly improved. 
It ia a fact no longer open to dispute, that the efBcioncy of 
I objective, supposing it fo bo properly corrected, may bo 
ore nearly espressed by its angolar aperture than by its focal 
length. For example, if we have two objectives, one of ona- 
fifteenthof on iuch focal length, and 150° angular aperture, and 
another of one-fifth of an inch focal length, and 180° nngnlar 
a{>ertare, the latter, although mngnifying only one-third oh 
much as the other, will octnallj show more of the more delicate 
.'iti'uctunil features of any object ; and if its magnifying power 
1)0 iacreaaed by suitable eye-pieces until it is equal to the mog- 
jatying power of the one-fifteenth, it will give a better image 
^Uhan the latter. Om- own experience Las long since convinced 
Hbfl of the tinth of this, and we believe that it is the opinion 
V%rid to-day by all who are famUiar with glasses of both kinds. 
'Frof. Abbe, who is, perhaps, the highest living authority on the 
mathematioa of the microscope, goes bo tar as to say that the 
angular apertTire of an objective is on e.xact espression of its 

(power, and he gives a table in which he lays down the number of 
goes to the inch \\hich may be resolved by any given apertni-e. 
L It is not difficult to give a practical demonstration of the im- 
portftnce of o comparatively wide angle of aperture, for as we 
Iiave jnat said, object-glasses possessing this featni'e are capable 
of giving important results, which cannot be obtained by moans 
of lenses o£ lower angle. Thus, when we examine, by means 
of a superior French triplet of one-sixth of an inch focus, 
4^ siliciouG remains of cei-tain very minute plants of the species 
^leirrosigma Balliciim, we are able to see certain lines or mark- 
B which esjat upon their surffttea. TVn,^ -s-a «ik3\«^A>s 
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to M« tbese tines, it is ueccEiSiU}' tU»t tha 
ataod be a good one, and that iLe ligbt 
lie Tery curefully managed, but, even 
with the moat perfect Brrangemiuts or- 
diuarilj used, we cannot, with eucli an 
objective, discover sinular markings upon 
iLo Pleurotiffinji Aitgultiltim, althcngb 
tliey eiist there in great pertection. Bat 
if for tbe French aixth we substitute a 
firet-class objective of less tliun hiilf its 
magnifying power, but of wider angular 
BperttuB, we shall be able to see the lines 
qnita distiuctl;. We have now before ns 
an objective of four-tenths of an inch 
toena, which does not correct for thick- 
DQU of cover, but which, with any ordi- 
nary thickness of coveringglasB, is capa- 
ble of rcHoWing the lines on the Angu- 
Uthim perfectly, and we have seen objec- 
tivce of even lower mngnitjing power 
which would accompliah the same thing. 
That the effect depends here chiefly 
□pon angular aperture, was shown very 
clearly by Dr, Goring, from whose w k 
we tuke the following fi^ s eng a d 
from B3ven drawings aho ng the ap 
pearances presented by the % ale of a 
butterfly's wing, viewed w h the b mo 
magnifying powers, but d fferent an^ul 
flperturee. A well corrected lena of wide 
aperture showed the scale as in G; re- 
ducing the aperture, while all cUo re- 
mained the s.tme, the appearance was aa 
shown in F, and by successive redua- 
tions the stages shown in E, P, C, B, 
and A, were reached, The slightest ex- 
amination shows that features which were 
qnite distinct under a highangle, became 
Wwhje p'Jjefl the angle was reduced, 
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lis qunlity of objectives ot liirgo nuglea, whereby they 
are capable of eliowiag distinctly delicate lines or dots placed 
very closely togetliur, is known as resoMng p(iir>yi: lu the early 
days of microscopy, it i^'uh called peudi-atiiig power, the term 
peiieh-niing haviog been Applied to that qaalityot the telesoope 
by which it is ounble.l to show separately the iadividuni stars 
of which tlie nebulra ore composed. In the telescope this was 
sapposed to depend npon sptice-jie/inlrriti,iy potcer as diatin- 
0Dished from mere magnifying power, and this space-penetrat- 
ing power was foond to depend very largely upon angalnr aper- 
ture. In the case of the microscope, however, it is now gene- 
rally agreed that what was called peuetrating power in the 
teleacope, shall be called resolving power, while to the term 
penetrating power an entirely different meaning has been given. 

Mere resolving power, however, or tlm power ot showing 
separately lines placed very closely together, is not the only 
mluable featnre of we1l-correcl«d object-glassBs of high angles. 
7!iey sh'iw delicate Hues and fibres, and enable iia to make out 
diOerences of stnictiire which are entirely invisible to lenses 
of low angles. Thus, for example, it has been foand during 
zeoent researuhes, that the delicate fl:igella of certain monad.H 
can. be seen perfectly wi!h high angle lenses, while with very 
osoellent glasses of low angular aperture they are quite 
ible. The same fact, probably, holds true in rcgurd to the ulti- 
mate fibres of nerves and similar objects. 

The researches of Lister and Boss formed, as we have just 
stated, the first great stepin the direction of better correction and 
inoreased angnlar aperture. 'Whereas, 40" to C5° had previously 
been regarded as very high angles, even in objectives ot the 
shortest focal distance. Boss, in his ohjeotivcK, Roon attained 
an aperture of 132" to 135" and, working with the glass at that 
time available, this wsa pronounced the highest attainable 
angle. Attempts had previonsly been made to obtain a higher 
angle by the use of the gloss which Faraday devised for optical 
ptirposes, aud which is in fact a borate ot lead. But this 
pound is EO easily tarnished and diaintegrntei!, that it was 
fotmd imprncticuble to use it. It happened, however, that 
a young Ameiicaa backwoodsman, Cliorlea L. fi^uvcn, <al 
" tlota, N, Y., a graduate yS "Raw^toii t^oWe^e, \a&Va»,^ 
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attention called to this Bnbject, and after careful study ho con- 
cluded Ihat if he couTd oal; procure a durable glass of greater 
refracting poiver tlinn tliat ordinarily attainable, the angular 
niwirture might be gieatlj increased. Ho at once went to work, 
and after many cxpcrimenta he succeeded in prodncing a 
wUicb enabled him to attain immediately an angular apertut 
of HG=. As early as 1857 he had prodnced a l-12th with an 
angular aperture of 178°. Hia objeotivea had corresponding es- 
cellonce in other directions, and from that time forward lliia 
tonntry baa been noted for the eicellence of its objectiveB, and 
especially for their great resolving power. We may note, in 
■passing, that glass of great refractive power, combined with 
(sufficient hwdneas and dnrability, is now prodnced as a regular 
tbrticle of ci 



PeuetratiDg Povier.—As previously stated, penetrating 
IMJwer, in the early days of microscopy, meant precisely what is 
now underatood by resolving power. Now, however, penetra- 
ting power ia usually understood to mean the estent to whiqh 
an object-glass shows the deiith or thickness of an object It 
is obvious that !>uch a result can only be produced by the lena 
showing several layers of images, all of which are equally in 
focus, and consecinently equally visible at the same time. In 
other words, instead of bringing only one given point sharply 
to a focus, the lens, which has gi'eat penetrating power, will 
bring several other points lying above and below this point 
equally to ft focus. Hence, aa Dr. Pellelan well oliserves in his 
work, "Le Microscope" : "Prom a purely theoretical point 
of view, an objective with penetration is in reality a defective 
objective." 

As this subject is one of great importance, we have intro- 
duced the two engravings, Figures 18 and 19, for the purpose 
of making it clear to our readers. In Figure 18 we have shown 
a small lens of half-inch focus, and with a very naiTow angle. 
Figure 19 shows a. lens of the same focal length, but with on 

igle of 90°. The points at which the lines a c and J c in Tig. 

c" and b' c' in Fig. 19 cross each other, ai'e the I'espee- 

foci of the two lenses at the centre of the field of view. 

J&o jjoinfe where the lines <i e wA h i^, anA .y if im dy? 
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I tive it 
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CMbs, we have drawu three linee, whJL-h may be supposed to 
represent respectively thrco layers of cells iu a aoction mounteil 
for microscopical examiimtiou. IE the reader will esamine tliy 
relation of these lines to the Grossing lines in Fig. 18, he will 
find that the lines a c anil h o coincide completely between the 
upper antl nniler lines, and even outside of them, forming, in 
fact, n single line. In Figure 19, on tho other hand, it ie only 
the middle line that pa'^sea throngli the point at which the lines 
coincide ; at the point where the upper and lower lines pass, 
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Fig, IS. Fig. 13. 

the liaes, a' o* and b' c'. have already separated to such an extent 
as to form distinct linos. If wq regard the lines, ah, b c and 
(i* b', b' c*, as rays of light, it is evident that while those in Fig. 

18 will form images of the npper and lower lines, those in Fig. 

19 cannot do so.* 

TJntU within a few years it has been accepted, as a thoroughly 
demonstrated fact, that penetrating and resolving power always, 
^ necesaUy, exist in inverse ratio to each other, for it is always 
fonnd that, other things being equal, I'esolving power incroafleB 
with the angle of aperture, while penetrating power decreases. 
Of lat«, however, it has been claimed that certain lenses 
of great resolving power possess considerable penetrating 

• Thoee who wiah to examme thia aubjeot more clonal j, would do ^ 
to eianiiiie au srijcle on " Pecetratiaii in ObJactLves." bj Di.GeQ.'^ 
Blaokham, publjflicd ia the .American Journal of M4cn>Kir[|>j,^aT %>^i, 
JS80, and the dJtciusiona wbieh follow in KucceeAmanvoatowT*. 
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^f In attompting to mcli a Honud concluHiun on tliis point, lb 
^^ lawst be borue in mind tliat I'OBolviug powei* does nut depend 
^ tchoUi/ ui>on BQgiilar aperture. Two objectives of the same * 
uigle tDBj have very different powers of resolution, on aocotrnt 
of the degree of perfection to which the corrections have been 
carried, and it is quite i>OBBible that a lena of great resolving 
power may liave a. lower angle than another objeetive vhioh 
excels it in this respect. In thiu case the lens of greatest resole- 
ing power might also Uave the greatest penetration. We confess, 
however, that we cnijuot see how great penetration can be oom- 
biued witii vei7 liigli aogidar aperture, and in this view we be- 
lieve that we are in accord with the majority of our beat micro- 
scopista. Want of penetration haa been urged against objec- 
tives of high angular aperture as a serious defetit in many in- 
vestigations in histology and natural history. The advocates 
of high angles claim that the beat way to avoid tiiis diffloultir 
is to ufte objectives of less magnifying power, and to combine 
tliem with high eyo-piooos. It is claimed that in this way the 
BEune amplification and penetration may 1>e obtaiiied as with 
low-angled objectives, and with greatly increased distinctness 
and improved definition. 

Where stereoscopic effect is required by means of the ordin- 
ary binocular, low-angleJ objectives give lietter results than 
those of higher angle — one reason for this being that the 
corrections of such objectives are not so eAsily disturbed an 
those of the others. But it is a curious fact that low-powei' 
objectives of high angle, wheu nsed monocularly lor examining 
opaque objects, frequently give an impression of atereoacopic 
effect which is startling. Wo feci certain that no one that has 
his attention once called to this point can ever forget it 

The late Henry J. Clart, in an ai-ticle ooatribntei! by him to 
Silliman's Jowncd, many years ago, suggested another meaning 
for the teim " penetration " in objectives. He referred to the 
power which objectives of high angle arid peiiect correction 
have of pasLng through and ignorin'/, as it were, the varioua 
layers of cells or other elements which lie above the special 
layer in focus, which latter, when seen by a high-angle lens, is 
e/ear and distinct, while all the otheia are invisible. Hr. Stod- 
doTj vLo iaa j'ecaUed mv attention to i\x\a ftv\.\c\6,-«\ac\\\'\i4&. J 
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read many yeare ago but had forgottea, auggeats that tliis be 
callett the penetralion of high ingles ia contradistinction to the 
penetration of low angles as undei'atood by Dr. Carpenter, 
Frey, and otliere. Where the latter kind of penetratiou obtains, 
all the layers are visible at once, as ve have preyionaly 
explained. 

WorlElns Distance.— Considered as a quality of an ob- 
jective, working distance ia the distance between the front lens 
and the oljjact, antl it ia this distance, and this only, which can 
9^de us in forming an estimate of the quality of any given ob- 
jective, as regards this particular feature. In practice, this 
distance is diminished by the amount of metal used in setting, 
which projects in front of the lonacs, and also by the thickness 
of the cover glass. It ia evident, however, that theso are mere 
aoaidental circumstances which can be readily changed, aud 
wliieh have nothing whatever to do with the quality of the ob- 
jective as regavda its optical characteristics. Some writers 
have defined working distnnoe to be the epaco between tha 
front of the leaa aud the upper surface of the cover glass ; but 
it is very evident that if we accept thia definition we can no 
longer regard " working distance " as a quality of the objective, 
since an objective which might be notable for its great working 
distance with ordinary cover glasses, would have no working 
distance at all if very thick covers were naed. ' 

To avoid this difficulty, the term froiikil distance has been 
introduced, aud is used by some writers to signify tlie quality 
heretofore recognized as working distance. But since the term 
" working distance " has obtained a firm foothold in micro- 
scopical literature, as e.q)res6mg an important qiudily or feature 
<f objectives, we cannot see how any other meaning can be at- 
tached to it than that given above. 

Working distance is a vei^ important feature in all lenses, 
and good working distance is specially valuable to beginnera. 
Tiiere are many objectivea in market that have to be brought 
so close to the object that ordinary covering glaas cannot be 
nsed, and even with the thinnest glass, the distance between 
the objective and the object is such tbat gtee.\i ^VOiB.n.i.cw.Te'saia 
reqnired to «roid accidenta. Such objactweft 4q evwJi«o.^.'««^ 
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tlie oorer ; o the object, and o o' a my of liglit proceoding 
from that objoct. It is obvious that when the Bimce, E, is 
filled with air, the ray, o o', after paaning tlirongh the cover- 
glass and Buffering refraction within it, will, on emerging, paaa 
on in a direction parallel to its original path, and so will pnrane 
the line, / d, and pass oataide of the objective. But if the 
space, E, be filled with water, it will take the course /c, and so 
will enter the front lens. 

It is evident that if a fluid of greater refracting pow'cr than 
water were useJ, t!ic result woidd be still more marked. Tliis 
oousideration led lo the use of glycerine instead of woter, with 
notably good results, and finally lenses have been constructed 
in which a liquid of the same refractive and dispersive power, 
as the glass of tlie thin cover, is used, and Euch lenses are known 
as "objectives of homogeneons immersion," or, for short, 
" homogeneons objectives " — the word liomogeneoim meaning nf 
the Eirme kind, and applying to the liquid and the cover-glass. 

An immerson fluid, perfectly bomogeneouH with the cover- 
- glass, would evidently obviate all necesBity for what is known 
ns "cover correction," provided certain other conditions in the 
mounting of the object and the construction of the microscope 
always remained the same, and most of the objectives made by 
Zeiss on the homogeneous system have no sucli correction. 
But since a difference in the quality or thickness of the me- 
dium in which the object is mounted, or a difference in the 
length of the tube or body of the microscope used with 
the objective, gives rise to serious disturbances, American 
makers have preferred to make their best homogeneous ob- 
jectives "adjustable," as it is called ; that is, provided with the 
usual means for cover correction. 

It is a general impression that immersion objectives are more 
difBcult to use than di'y ones ; such is not the case, however. 
Immersion objectives, with the some degree of efi'Dit and skill, 
give finer results than dry objectives of the some power, though 
of coui-se for the ordinary rapid work of searching tor known 
objects, dry lenses are to be preferred as being Jess trouble- 
some, for it is undeniable that it is simie trouble to apply the 
liquid and clean the leaa, and also the cover, B,ii4'«\vKieB.\wt% 
ftjuitber oi obaerraUoas we to be niEkde, oNftM toKt»t ^■*^*"S'' 
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must be considered. Borne tcakets have enileavored to avoid 
this iliffloulty by Hupplying double fronts (a wet and a drj) to 
their objectives, while others liave constructed objectives which 
work either wet or dry, accoi'ding a.» the aiTflngement used for 
the ordinary cover-cidjustment in set to the one or the other. j 

L«na Syst em B— Duplex FroDte.— Formerly the t«rm 
"Hyst«m" was applied only to tlie entire combination forming 
the objective, and we Lad "immersion systema," ■'con'ection 
systems," etc. At present the word is used also to denote the 
individual combinations of two or more pieces of glass, which, 
when arranged together, form the whole objective, as will ba i 
understood from Fig. 16, where 1, 2 and 3 form the separate I 
systems, each composed of two pieces of glass. Such a c< 
bination (the figure of which is, of course, only diagramatic) is 
said to form a three-system lens. Very low powers, formed of 
two achromatic lenses, are said to be iwo-syetem ; four com- 
binations, four-system, etc. 

SomeyearsBgo, Mr. Tolles brought out obJoctiFes ofremai'k- 
able power, which were known as "dnpiei fronts," or "four- j 
system objectives. These objectives were bo called because a ] 
second lens (nearly hemispherical) was added to the front ci 
bination, and this additional lens, added to the three already 1 
ia use, made a four-system airangement. 

French Triplets.— A few years ago these objoctiveo we 
used f[uite extensively. They are so called because they o 
ginated in the country after which they are named, while to ' 
further distinguish between them and objectives constmcted 
according to the principles laid down by Lister, the latter were 
known Bs the Stnglislilotm. Good makers of the Englbh form 
are now found in the tTnited Stafea, France, Germnuj, Austria, 
and Italy ; and the French pattern is made in many of the 
cities of Europe outside of Fiance, although as yet neither the 
English nor the American opticians have been able to manu- 
facture them at prices which can compete with those of 
continental Europe. The Iwst of the so-caLed French ob- 
Jeotivea consist simply of lenses in which the chromatic aber- 
. i-atioB is corrected by the iwnftV ij\o,w ol tswJtvn?, eaKV \ 
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of two diffeieut kinds of glass, while the spherical aberration 
is ootreoted partly by the form of the lens, but chiefly by re- 
daoing the apertare, and by properly combiaiAg a series of 
single lenses, which, however, are never especially adjusted to 
eaoli other, as in the Enghsb forms. Each objective, in its 
most perfect condition, conaista of three lenses Borewed to- 
gether, and in the lower powers these lenses may be separated 
and used either singly or in combinations of two or three. As 
the magnifying power obtained with two lenses is less than 
that obtained by three, the defects of the double combination 
are not be obvious as they would be it the magnifying power 
were equal to that of the triple combination. As, however, the 
Bpherieal aberration in the case of a single lens, whether it be a 
plain lens or an achromatic combination, is always greater than 
that of a donblet, and the aberration in the doublet greater 
than that in the triplet, it is never a good plan to attempt to 
obtain a low or moderate power by separating the lenses of a 
high power objective, and using tbem singly or in twos. Any 
person having a. few French objectives at hand who will try this 
and attempt to secure the same magnifying power by the use of 
two lenses, and also by tbense of three, thelatter being a regu- 
larly adjusted combination, will find that the results obtained 
by the use of the latter are far superior to those afforded by the 
former.* 

Considering their qaality, these French objectives are re- 
markably cheap. Thus a French No. 2, which is nearly equiv- 
alent to the one-fourth objective of the English and Amerioan 
opticianB, con be bought for $5, while the cheapest student's 
objective of this power would cost at leastdouble that sum. In 
addition to this, the French objective may be divided so as to 
afford two other objectives of about three-quarters and one 
inch eaeh, and although the performance of these is tar inferior 
to English or American objectives of the same power, they are 

*In makiDg eiicii a trial, it is, of conne, neceesarr to use leneea of eqa^l 
qnalitf in Ixitb cases, siiico tlis qaalit; at llis proftiaBeilly acliroma^o 
Freiu^ objectives in market varies very much. We ba,ve Been objectives 
of tt)iBOl»BS oftba same msgni^ing power, one ot^tAiAf^iQvJ.i.iia'.^^fldis* 
the marliing'fl dd the loles of the dolhea-mofti'a vivos, "sVi& Vq» t.'iSiM 
nuiJtf zetolva the Pleio-oaigma Battictim. 
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oapHble of sboiring b. great deal tlmt is interesting and insbnui- 
live. Two or three years ago these lecsea were the only onea 
Inmiahed with microacopea costing less than ?50, and in the 
very cheap inatrumenta the different powers were ulwajs 
obtained by the division of one doublet or triplet, which 
was ihaa made to yield two or three different objeotivBa. 
Those, however, who cauitot afford American objectives, and who 
wish to do work that ie of some real value, are ndyieed never to 
separate their objectives, or at least never to separate any bat 
the very lowest — that is the No. 1, and against even this 
we would protest were it not for the fact that cheap lenses 
of lower power than the half-inch are seldom found in market; 
and therefore, no other coarse except the division of a No. 1 
is left to us when we wish to use a lens of lower power. Bat 
this system of dividing is often carried too far, and we find mi- 
(srosQOpes in market which are furnished with No. 2 or No. 
3 objectives which are divided when lower powers are needed. 
This ia decidedly wrong. If apowerlowerthanNo. 1 be needed, 
it may be admissible to divide this nnmber, because this is in 
general the only course left to us, but a No. 2 Rhould never 
be divided for the purpose of obtaining an objective eqidvalent 
to a No. 1. 



The value of the numbers as 
jectives varies according to t 



igned to the different French ob- 

e fancy of the maker, but those 

of the better class usually found in market are about as follows ; 

Numliar 13 3*5 6 

CorreBpQndinEfocQBinpsrtsQt in inch.,.. 1-2 1-4 1-6 1-8 MO 1-13 
Frey, in his recent work on the microac p9, regards tbe 
English system, whereby the focus is expressed in inches, as 
"peculiar." It certainly is "peculiarly" definite and positive, 
instead of being indefiiute and arbitrary, as is the system 
adopted by the French and German opticians. According to 
the Knglish and American ^stems, an objective of an inch 
focus ought to be the same, no matter by what maker it has 
been constructed, but when designated after the plan which 
Frey seems to prefer, it is impossible to tell what the focus of 
the lens may be, and consequently what its power is. Thus — 
s No. 2 of Nachet has a focus of half an inch, while a No. 
' Uarlaack has a focus of one irnih, o.Ti4 o.'S'i- 1 at the , 
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orJinai-y I'rench olijectiyea ia about a qnarter of an inch 
fooal length. As it is often useful to the microBCopiat to know 
the powers of the different objectives made by proi 
tiaental makers, we give the focal lengths of the objectiTes of 
Nachet, Hartnack, aud Oundlacli, premising, however, that 
by so doing we by no means intend to claas theae objectiTes 
with ordinary French triplets. 

Hacbet's ordinary objectiTes are as fallows 
Nnmber. 
Fooue in iuahea. 

The immersion and correction objectiTes of tbi 
are aa follows: 



1-9 1-11 
and correotion atf'l 
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e takiag up his residence in this country, Mr. Gandlacb 
has adopted the system of the Coglish and Ameri<;3a tuokers, 
and designates his objectives by their focal length. Tlie 
table given above, however, will prove of service to those who 
either possess or intend to purchase Bpocmeuft ol \aa ^ufoKx 
WDrJt, some of which was very exceUent. 
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T««tlnB Objvctlvrs. -At first aiglit it nould aeetn to be 
the eaaiest thing ia the world to test oa objective, and find ont 
whether or not it in capable of doing certain vork, bot a little 
experience Boon teaches tUose who are not too self-oonceited, 
that it is the easiest tiling in the world to be deci:ived- We 
have eeen those who considered themselves the most capable 
of judges, condemn lenses that had received the approbation of 
the ablest microspopiBts in the world — lenses too that had shown 
tlieir ufficicnt^j b; dniug renlly good work; showing that even 
those wbooonsidetthemtieives very expert, maysometimes arrive 
at wrong conclusions. If tbia is the case, then, with men of 
training and eiperionce, how can a beginner, who haa had no 
experience, hope to be able to form a correct judgment in re- 
gard to the qimiily of an objective ? 

Bat while it is difficult, or perhaps imposEdble, to pronounce 
a positive opinion in regard to the quaUty of an objective, 
especially those made for some of the higher departments of 
microscopic work, it ia in general easy for those who have had 
experiiiice, to form a judgment in regard to ordinary objectives, 
or at least those designed tor ordinary purposes. The ability 
to form Huah a judgment depends rather upon experience and 
a comparison with the work of other glasses thau upon a refer- 
ence to any special standard ; and tlierefore, as a general rule, 
wewould advise beginners who are about to pttrcliase objectives, 
to obtain the advice and assistance of some skilfid friend. 
To those who cannot obtain such assistance, we offer the follow- 
ing Lints. 

The great diffleulty in the ■viuj of arriving at a decision in 
regard to the quality of an objective, ia the want of a standard 
with which to judge its performance. When we examine the 
image which an objective gives of any object, it is very difficult 
to decide whether or not that image truly represents the ob- 
ject. Take, for esample, the podura scalo: wide difi'erencea ol 
Opinion exist as to its stmcture, and how it ora/hi to look; sop- 
pose, then, that two objeotives show entirely different appear- 
ances of this object, who shall decide which one is correct ? 
And if, even in the case of eipert microscopists, this holds 
true absolately, which it does, how shall n beginner determine 
./ia/Z/ieimflg-eswhiehheseeatbiongb an. oVJi^Vvie ait^mw oi., 
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me departmsnte, the most earnest and long-oon- 
tinaed disoossions have been maintained in regard to the ao- 
otiracy or inaoouracy of oertitin images as seen bj professional 
oucroscopista, and, strange to su;, these dispntes affect tbe 
Terj teata most commonly used, viz. , the Podnra scale and the 
test diatoma. 

Makers of objectives, nnd skilful microaoopista, being aware 
of the fallacies wUicli beset eiaminations of tUia kind, resort to 
certain artificial staadarda of nhich the construction is poei- 
tively known, and which should therefore give appearances 
conforming to this known structure. Numerous teats of 
this kind have been auggeateJ, but the only ones generally 
accepted are the Brtificial star* and ruled glass plates. Of the 
latter, ordiaary micrometera answer a very good purpose, but 
the most delicate testa are tbe famooa ruled plates of M. Nobert. 

In the examination of objectives, there ore a few simple gene- 
ra! rules which must be observed by the microsoopist If he 
would secure acourute results. 

Tbe first important point, and one to which sufficient attention 
ianot generally given, is thehealth of the observer at the time of 
making the trial. The eye is a very delicate organ, and the 
slightest derangement of the stomach or nerves affects it to an 
estentthat few persons realize. We have an objpct-glass of 
comparatively low power, with which, when in good personal 
health, we find no difficulty in resolving the P. anjalatum, 
though a very slight disturbance of the digestive organs, ren- 
de(8 the lines perfectly invisible. 

It must alao be remembered that ia the case of such delicate 
observations, personal peculiarities, irrespective of health or . 
sickness, exext a marked indaenoe, so that it does not follow 
that what one observer sees, all can see. We have frequently 

•The nrtifloial alar Ea a. very minute globnle of iiiercraT, obtained by 
DTUBhiiig ft small drop by moaaa of a smart tap with a Sst Blip of iron or 
Ivory. This gtobuls la made to act aa a small convex mirror, reSecting 
the light of a lamp, candle or nindOK. Ilia not mentioned by modern 
writeraoa the mlproscopa (Carpenter, Hogg, Beale, Prey, eto.),bnt la 
Twad by some of onr beat optiriana. Dr. Itoyalon Piggott, baa xeeeoSli 
rerlTedllBaae. GorlDg- devoted ponsidcraWe BpaoB \nMi sws'iiA'*- "^^^ 3 
Dent methods of asiog it. 
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those who could not diHtdngniah lines that were visible to 
others, and ve Lave also met those to whom aa objective, in 
wliich the chromatio errors wero very obvious, seemed to be 
perfeot, Tliii probably arose from a kiad of color bliod- 
ncM. We have also met eyes which distorted objects, and 
those which saw fringes of color round objects viewed through 
an objective of generally leoognized excellence. 

Attempts have been made to get rid of the errors arising 
from personal pecnUarities {or whnt may perhaps be called the 
"personal equation") by employing photography, it being 
assumed that if a lens will give an image which can be photo- 
graphed, it must give an image that may be seen, aud that 
whatever is photographed must of neceasilj be a real image. 
Bat from the known fact that the foci of the chemical and 
visnal rays do not ooincide, and that the corrcctiona required 
ia the one case are not those calculated to give the best results 
in the other, we have little faith in photography as the best 
test of the eseellence of an objective, except, of course, in those 
cases where photographio work is the chief purpose in yiew. 
Lenses intended to transmit an image to the eye must be tested 
by the eye, and if certain eyes show peculiarities not possessed by 
theavernge eye, then lenses must be corrected specially for them. 

It is scarcely necessary to say that when an objective is put 
npoQ its trial, the stand and means of iiltmdnatioa ought to be 
such OS will do it justice. The beat stand in the world cannot 
make a good objective out of a poor one, but a poor stand will 
give poor results even with the best objective. The eye-pieces 
also should be of good quality, and if an objective, which the 
miaroacopist baa reason to believe ia a good one, fails, it should 
not be condemned until it has been tried with eye- pieces either 
by the same maker, or of a known standard of excellence. And 
we must also remember that it is not sufficient to examine an 
objective in combination with a shallow eye-piece, or one giving 
a low magnifying power. An objective may perform very well 
if used with low eye-pieces, and utterly fail when a higher 
power is applied. Most makers of objectives test their glosses 
under eye-pieces of very high power — a quarter and even an 
eighth of an inch foous, or what would be equivalent to F 
>a the uaual Boale. 



I 
I 



Th« room io which the test is made miiet aim be a eubjeot of 
careful selectioo. Very mtmy of oui' best microscopes 
in our large oitiea; at least they are very generallj examined 
there with a view to purohase. Now, those who are familiu 
with the sabject, know that during tlio duj time the baildings 
along the principal tboronghfftres in our large cities are iu siich 
a etatu of conatimt vibration, that good reauttH are rendered im- 
pOBsible, and therefore that an objective and stand which, 
nnder Euch oirciimtitBnceB, fail to resolve difficult teats, or to 
define clearly, ehould nut on that account be condemned. 

The illumination employed must also receive careful atteQ' 
tion. An objective which readily resolves the P. angulntum by 
central illumination, when lamp light or good daylight is used, 
may fail when poor daylight ia employed. Special directions 
on tbia point are given under the head of light and illnmiua- 
tion, and therefore ue would merely ea; here that an olgecLive 
which bus been tested only by the duU blue light of a nurtheru 
sky, cannot be said to be inferior because it has failed either in 
resolving or defining power. 

Ou the other hund, we must not place too high an estimate 
on an objective which, by the aid of mouochromatio liglit, (the 
blne-oell, for example,) baa resolved certain difficult tests. It 
is not uncommon to find that lenses of a quarter-inch focus 
wUl, with blue light, reaolve the AmpMpleura pellucida, but 
fail oompletely with ordinary light. Even eighths and tenths 
by the same makeia, and of a grade quite as good as the fourths 
just mentioned, fail to resolve tbe Ainpkipleura by ordinary 
illumination, even when well managed. The Hid which is 
derivedfrom blue light in the resolution of difBouit diatoms is 
unquestionable, I ut it is not quite so clear that this kind of 
light gives the same assistance in the matter of definition. Out 
ova experience leads us to believe that the real assistance de- 
rived in the latter case is very slight. Therefore, we do not 
regard it as a very high recommendation for ordiuary work that 
a lens can resolve the Amphipleura by blue light. We have, 
however, aeen a fourth which wonld resolve the J ny;Aipfe«ra by 
the light of an ordinary hand lamp, aided by Wenham's Tefiex 
illuminator. The objective was made bj Toliea, aniiawvv^rar 
JateJ bjhiat. 
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To determine the quality of nn objeotiTe it is beet to take nt 
in Buccoasion the several teatiireH -n'biuh vtv Lave just detailed, 
and exiimine its efficiency in euoh of these directions. First of 
nil, the deflniDg power should be carefiilly tried, this being the 
most important quality that a glasB oan possess. No special 
. can lie named for this, and in fact the formation of a cor- 
rect judgment in regard to it wiU depend more upon the 
experient^a of the oliserver than upon any particular rules that 

a he laid down. As Carpenter well says: " An experienced 
microscopist will jnilge of the defining power of a lens by the 
quality of the image which it givea of almost any object with 
which he may be familiar." To which we may add that the 
inexperieiu'eil microscopist will in general fail to detect a want 
of defining power, no matter what object he may examine. 

Tb'^ oliief points seem to be that the outlines should be sharp 
and clear, the blikcka black, and the other natural colors clear 
and distinct. Frey compareti the image given by a good leoa 
to a good copper plate, or a print with sharp lettera, and no 
illustration could be more to the point. He also states that an 
objective which is deficient in this respect, is best tested with 
a pretty strong eye-piece. lu our own experience we have 
found no sure)' test of excellence than this ; an objective which 
is deficient in defining power, is sure to " break down " under 
a high eye-piece. Deep eye-piecing does not efiect the resolv- 
ing power of a lens to the sams extent that the defining power 
is lessened, and therefore, the fact that a glass shows lines 
under a high eye-piece, is not an absolate demonstration of its 
excellence ns regards definition, At the same time, it will be 
found that considerable angular aperture is absolutely neces- 
sary to enable 'ini/ glass to bear deep eye-piecing, because with- 
ont this, the loss of light is so great that nothiug can be seen 
clearly. Hence tlie truth of the somewhat paradoxical state- 
ment, that an objective may be really good under a low eye- 
piece, and yet fail under a high one. 

With the English optioiaua a favorite teat for definition is 
the Podiirn scak. Unfortunately, however, the structure of 
this scale and even the identification of the scale itself, 
to be a ioalfer of doubt. Page after page has been written tot 
I He piiipoe&o£ ebowinghov/ thePoduiaaca^«o\i^Vb\AWiVi 



I 

I 

I 



Rtill tlie question sterna tu bs iiadeciiltiil. Cat]>entt'i', in his lo'.t 
edition (page 702) sajs: "The sharp and (liatinotbringing-onl 
of the ' eiolamation marks'oftUePodura Boale, constitutes, when 
it ooexiBtairith the greatest practicable freedom from color, and 
with adequate 'foeol depth' or 'penetratiug power,' the moat 
valaahle proof of the fitness of an Objective of high power for 
the purpose of Bcientifio work." 

To give our readers an idea of 

how the pod lira scale ought to look, 
we give a figure copied from the 
engraving published by the late 
Richard Beek, in his work on the 
microscope. The figure shows 
JlfAlliaiDFil 'Li'I'TDflltl "^he appearance of the Fodura 
YflJillUnlBl BlDlMli? scale when the adjustment of the 
llYjJnmUlM'n object glasa is correct and the mark- 
lIllitfMIIPMJ ""««, -« - ^--■" The obiective 
used was a one-eighth, giving a 
magnifyiDg power of 1,300 diame- 
ters. 
B believe, generally conceded that in the present state 
of the art, jiei/ed correction for color cannot be obtained, but 
BO long as the residuary chromatic abberration does not inter- 
fere with the defining power of the objective, it cannot be re- 
garded as an objection. Aud yet we have seen a, would-be critic 
reject a Tery excellent lens because it showed a little color, 
while he was loud in his praise of another lens which, although 
more perfect in this respect was almost worthless otherwise. 
like specks of dirt on an eye-piece, which do no harm aad are 
■ never eren seen by experienced microscopists, slight color and 
I wont of flatness of field are the beles noirs of beginners. They 
are the defects which are most easily detected, and the detec- 
tion gives the critic an air of knowledge which is to him a 
source of great pride. 

The best Bnglish and American opticians now slightly under- 
correct their best objectives, so that the field shows a slightly 
greenish hue, while any prominent markings on the object, 
saoh as the dots on the Angultiium stand owt dewc wA-^i^A-SiSi- 
I verj delicate ruby tint. \coora.iaftto "Etai "Caft 
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majoritj of continental tnakars adopt the opposite pi 
TUeir lensea are orer-oorreoled, oud objecte show a blniall:'' 
border. 

A vftnt of coireotioD for color ia shovu trhen tliin objecta vith. 
tatmy crow lines are examiuiid, eepeuiiil]; with slightly obliqne 
Ugh!. Ae a tast for acUmmatiBm in luw powers, Carpeuter 
prefers a section of coniferous wood, showing the glandular 
dots. He also recommi'iids the trachem (,t insects, but almost 
an; lined olgect will answer the purpose. 

The existence of aberration of form ia beat proved by the nse 
of a flue micrometer or a Nobeit's plate. When tkiH defect is 
vety marked, it is easilj seen iu the curved and distorted linear, 
of wliicU tiio image oonaists, but such a state of things 
onlj in extreme cases. Where thia distortion is not very glai*-' 
ing, it may be neoeaaary to compare tlie mnguided image of the 
linen in the stage micrometer with straight lines ruled on a thin 
plate of glass laid on the diaphragm of the eye-piece— in other 
worJs with an eye-piece micrometer iu which Ihcrnled lines 
qnito loug. 

For te^tiug for flatness of field and aberration of form, Frefj 
reeommeniis " a slide tliickly smeared with India ink, in whioli- 
small circles or other flgurea are scratched with the point of K 
fine needle. • * * if the instrument is adjusted with trana- 
mittcd light for such a circle, it should appear aLiirply 
cut on the black ground, aud not soirounded by a halo 
of light. It the circle ia then brought out of focus, it 
gradually eolarges, while its sharp borders disiippeur, with- 
out sprL-adiug a strong halo of light either inwards or outwards 
over the black field." 

The angular aperture of an objective can be determined 
accurately only by measurement, and this is samething that 
beginners will hardly attempt. To measure accurately the 
angular aperture of an objective, is a task requiring con- 
siderable skill and knowledge, and moat of the appli- 
ances faruiahed by mioroeoope- makers for this purpose, fail 
to give accurate reaulta. It must be remembered that in 
meaanring the angle of an objective, wi 
the same rules that govern the accurate measurement 
»i3j^otbcr itDgle. Dr. Carpenter, m^j\a -wqiV, ^-ji* 
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Whioh he oalls "the simplest ami moat coDveDient." We ven- 
ture to aaj, that none but an expert can obtsia hy it results 
that are anywhere near accurate, especially with high powers. 
We therefore oonsider that any directions upon this subject, 
addressed to beginners, would be worse than uaelesB. 

Since, huwever, the resolving power of an objective depends 
in a large measure upon ita angular aperture, we may feel 
pretty certain that an objective which fails to resolve tests 
suited to its magoif jing power, is deficient in angular aperture, 
unless, indeed, itsinafBciency should arise from want of defining 
power, whioh may be tested by other means. Of ordinary work- 
ing lenses, the half iach ought easily to resolve the Phurosigma 
Balticwm.; the quarter inch should resolve the P. unijuliauni by 
oblique light, and those of a fifth or sixth inch toena should 
resolve the lotter test by axial or central light. An eighth, 
tenth, or twelfth, ought to resolve oil the diatoms on the Probe 
PlaUe below the ITth. It is true that objectives of a quarter 
inch focus have been made to resolve everything on the Probe 
Pliitle, but such glasses cost too much to render it likely that 
they will fall into the hands of ordinary students. Tnrelfths 
and sixteenths should go through the Probe Plaile easily. If 
they cannot do this it would be better to take n lower power of 
better quality, and use it with a higher eye-piece. 

We must also be on our guard against an old sonreoot error — 
the use of lined tests which vary from the accepted standard.* 
Great differences exist in the different specimens of the var- 
iooa test objects that ace used, some, owing to individual 
ohozBoteristics and the methods employed in mounting, being 
mnch more eaaily resolved or shown than others. Conse- 

*"Tbe proof objects [Quely lined iugeot Bsalos] originftll; discovered by 
me, ate BuQoieDl toi tbal pm'pogB io AoiiesI hUTida, and nbon used with (be 
precantiona I liave pointed oat. But it is well known tbat thojliaive been 
abunefullf ■.bused, awiog to tha various faailitjes ot resolution whiob 
exist betneen diffeieDt apeoimena of lined objects, tlie external oUarac- 
(er* ot wbioh oIoBely roBemblB eaoh otbec; bo that it maybe sud that 
(A«r« are prorif otyeote to luU tKe capacUi^ oj aS microacopti; nay, tbey 
an aotoally perverted to the purpose of deceiving tbe unscientific part ol 
thepnblla ina much more effectual manner, than CQold. potn^-^ V«.'^«. 
beendonewithoDt them."— Goring. What la trao ul ftie aci.\eBi»6i."a^ 
Ooriog Is iilao tine, tbongh pethniia not to the Bams o»A6ii\ il ■ii».Vii»*. 
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quentlj, Iracaiue au objective resolves one epeoimea of the P. 

Aiigiilniiivi.it does not follow that it will resolve all otheM. One 
of the most important steps in the direotion of uuironnity ia 
this lespeot, at leu^t bu f at as testing the resolving powfr ol 
objeotivea is conoerned, is furniahed hy the test-plate (Probe 
Fkttci) oF J. D. Moller. Upon a slide of the usual size, ha ar- 
ranges twentj diatoms, oaretully tMluated as to clenuneas, and 
also as to reaolvability. ThoHe thut ha kaa chosen for the pnr- 
poaa are named in the accompunjing table, Thej are arranged 
on the elide in a line which is about a quarter of an inch in 
length, the beginning and eud i>f the row being marked by a 
Bpeaimen ot Sajnidiscus Argiix, Ehrb/j. The table on the oppii- 
Hite page gives the cloHanesfi of the lines and the direottoa of 
the markings in these diatoms according to the best itutborities. 
In thiiS conaeotion it must not be forgotten, however, that mare 
closeness is not the only featare which makes a series of lines 
eosj' or difHoult of resolution. Every micrometer maker knows 
that ot two sitts of lines, both ruled at 10,000 to the inch, one 
may be mach more difficult to rL'solva than the other. The 
strength of the individual lines lias us much to do with it aa 
the mere distance at wliteh they are placed apart. Moller's 
Probe Fiatte is furnished of two kinds, drf and in balsam, the 
latter being, of course, bj far the most diflleult test. It is an 
unfortunate fact, however, that even with all the care and skill 
exercised, even the test-plates of Herr Moller do not alwajs 
conform to a standard; and, therefore, were it not for the facta 
JQst stated, it woidd seem that the most trnstwurtby tests are 
the ruled plat*s of M. Nobert, 

It is not difficult to test an objective ot moderate power tor 
fliituess ot fiuld, provided we have on hand a suitable objeoL 
For tbispuipose a thin section of wood, or of sn echinus spine, 
is generally chosen. For low powers a very eioelleut test is 
one of those micro-photographs which are nu common. Ona 
showing a sentence or senteQcea should bo chosen in prefer- 
ence to a picture, since, unless the field ot view be flat, the whole 
of the letters will not be clearly readable at once, while iu a 
picture the effect known aaaerial perspective may give rise to on 
Jm/)ressioii of want ot flatness ot Held. In applying twts for 
isofSeld, it iaul com'9eo'ov\uiiaV\\M.\.vieTO.i],at lauliesnre 
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Uiat the teat used is itself flat. Comraon glass slides a 
flat, and as they are used for the oheaper kinds of i 
pbotogrupLs, this foot may give rise to errors if we ai 
tal ia our aeleetiona. Tlie beat slides are cut from glass plate 
which has been ground and polished so that tbe sides are per- 
fect planes, and it is this kind only that should be used. Cnxe 
should also be taken to see that the object lies &xt on the slide, 
and ia uot distorted by the cover. We have seen an objective 
condenmed because it did not show all the diatoms in the field 
of view in fucos at once, when the fact was that the diatoms 
were attaahed to tbe oover which was slightly wavy as covi-ra 
often are. When it is suspected that tlie fault is not in the objec- 
tive, but in the slide or coyer, the objeot should be carefully 
passed across the fit:ldof view, and thechangea in focns noticed. 
This will in general tell where the defect lies, for if the part 
thatia apparently foggy should move as the object moves, it 
shows that the objeot itself is not flat. It baa been recom- 
mended by high authority to test objectives for flatness of field 
by strewing some flue powder on a slide and seeing whether all 
the graiua are in foeus at onoe. For obvioua reasons this is a 
very unreliable method. 

Penetration in low powers is perhaps most readily deter- 
mined by the eiamination of opaque objects of considerable 
thiekneas. The round pollen grains of the hollyhock, and the 
roonded forms of the polycystina are excellent testa for objec- 
tives of an inch or inoh and a halt, Lower powers ought to 
show coarser objects in all their dimensions, white for those of 
medium power the coarser oellular tissue of plants answers very 
well. It is more diiQcult to indicate a good test for peaetra- 
tion in tiie higher powers, in which, by the way, we have often 
seen want of penetration mistaken for want of flj,tneas of field. 
This arose simply from the fact that scarcely any objeot is 
absolutely flat, and hence, as explained nodei another head, 
the curvature of the objeot ia sometimes taken us an indioa- 
tiou of a defect u the objective. Want of good working 
distance makes itself obvious during the examination of any 
object suited to the ohjeotive. 
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[■ nx TUP. fiVj.v. cfrT(YK nv a VTfmnHnnpP! poB PKiC- 
TIOAL PURPOSES. 

The object of all tite information given in the pceceding 
pages, 18 to enoble the resdei' not only to understand the con- 
Btmction of tlie microscope, but to select one judiciously ; and, 
therefore, in every section we have offered hints bearing in thin 
direction. We now propose to give the reader auoii fipeciiii iu- 
BtmctioQS iu regard to tha choice of an instrument as are 
neoessarj in addition to those previously offered. 

Those ivho will examine the catalogues of the varioTiH makers 
of microscopes, ■will find the inatramenta divided into first, 
iteconct, third, fourth, etc., claasen, the microscopes in each 
KQcceeding class in this descending scale being smaller and less 
complete than those in the one preceding it. The flrst-class 
inieroscopea of almost all our prominent makers are large, 
beautituUy-raaile inatruraenta. They are provided with me- 
cliaaieol movements in every part, whereby the utmost delica<iy 
and preuisioti in making an adjustment, and in recording it, 
may be obtained, and as a natural consequence, snch instra- 
menta Bi'e quite expensive. Indeed, it will often be found that 
the hanging and adjustment of the mirrors alone, of thes« fine 
stands, cost OS much as an entire microscope of the lower 
grades. 

Seoond-class stands are uanally smaller than those of the lli'st 
class, but they are frequently very complete as regards their 
odjnstmeQts aud arrangemcnta. Microscopes of the third and 
fourth class are usually much simpler in their conatrnction, oa 
well BS less in size. In nddition to these different classes, most 
manufacturers offer models adapted to special purposes, so that 
in setting out to procure a microscope, the beginner is very apt 
to be bewildered unless he has the guidance of some judicious 
friend. Of coui'se those who are mere dealers always urge the 
pDroliAse of tlie most eompleto and Bspeaaiva miQi:o&ttQ"5fc 'sNivJQ 
the fuo'ls o[ tlie pwcJinser will euable \i\m to ■g\-iii;-\K6, -wNiKseas^ 




a comparativel; clieap inioi'OKeo]>o would frequently 
purjioso So.v better. The reader Mill of coui'se bear in niinil 
that hj " tlealor " we tlo not refer to experieaecil opticians, anch 
ox itre most of onr microscope niakers. From these men the 
BtaJeut will bo pretty sure to get Honnd advice and efficient 
assistance. Bnl, as is well known, every dealer in spectacles 
sets himself up as an optician, aiiil professes to be competent 
to give advice in regard to the purchase of a microscope ; and 
the microscope which these men always advise the parchaaer to 
procure ia the one that leiU afford ffien Hie largest amimisaioiig. It 
is unuecessnty to say tUot this is not always the instrument 
that will afford the greatest amount of satisfaction to the !)&- 
ginuer in microscopy. 

In selecting a micro8coi>e, regard must be had, not only to' 
the escelleuce of the instrument, but to its aduptability to the 
purpose for which it is intended, and to the person who ia to 
)tse it, A complicated and expensive compound microscope, if 
placed in the hauda of a person having little experience or skill, 
would evidently be woree than wasted, while to attempt to con- 
duct elaborate aud delicate investigations by means of a cheap 
n on -achromatic iustrument, would simply lie to throw away 
time, and wantonly incur the risk of Beriout errors. And yot no 
mititake is more frequeutly made. A microscope is wanted ; the 
purchaser is liberal with his means, and he is saddled with on 
esjwnsive instnteieut entirely unsaited to liis reqnirementB. 
Or, on the other liaad, a physician or student of limited means 
requires an instrument, and. being unable to afford the price of 
a really good one, ho is induced to purchase a cheap affair, 
■whose indioatiouB, when appHed to the subjects for which he 
requires it, oi'e entirely unreliable ; whereas, he ought to be 
told that if he cannot afford a microscope which is at least pro- 
vided with good objectives, and the neces.sary facilities for osing 
them, he ought to leave microscopy in its applications to medi- 
cine flud physiology oloue. We feel it the more necessary to 
be emphatic on this point, from the fact that casea involving 
such errors have so often come under our own observation. 
Thus we have seen cheap Trench instruments, with poor triplelB, 
Jn the hands of physicians, and used jn cases where the safety 
ef tlje ptttiejit dej'endefl uiiou a coTveet iin^uoHis [ 



i 



97 I 

Tlie ficst point to be decided, is the I'lml of microscope tlint 
aliould be procured — that ia to say, whether & simple or 
l>ound microsciopa is wanted. If the student ia desirons of 
working on objects nnder the microscope^ making disaectioua 
of flowers, etc. — a simple micioscope, of any of the kinds de- 
scribed in ft previous chapter, will suit his purpose beat. II 
should be arranged on a staud, atid this he can either do him- 
self, or be can procure one of the many disgecling microseopea 
which he will find described in the catalogues of the manufac- 
tui'ers. For such purposes a simple microscope is indispensa- 
ble, though when we come to e.n/Tnine the results of our work, 
{disBectioas, etc.) a good compound microscope is eq^uolly 
neeeasfli'y. 

attempts have been made to combine these two forms of the 
microscope in one instrument, and with considerable success, 
EO far as increasing ont power to examine our work as it pro- 
gresses is concerned. This is aacomplished by so arranging 
the simple microscope that a compound body with its eye- 
piece may be slipped on or off, as required. And by using a 
single concave lens as aa eye-pieee, we can secure considarabla 
magnifying power nud gi'eat working distance, while at the 
some time tjie object is seen erect and not inverted, as when 
the ordinary compound body is used. Tiiia form is called the 
"Bruck^ Loupe" — and is too little known in tliis country. 
Bntno such makeshift can take the place of a good compound 
microscope, although it may form a useful and convenient ad- 
dition to the student's outfit. 

The selection of a compound microscope will frequently be 
determined, not only by the wants, but by the means of the 
purchaser. To those who are obliged to put up with a cheap 
mici'oscope, the only advice that we can give is to get the best 
they can for the money, and as newer and better microscopes 
are constantly coming into market, the best thing the student 
c&n do is to procure the latest catalogues of the different 
dealei's, and examine and compare what they have to offer. 
There is no microscope in market to-day that will not probably 
be eieelled by something better in less than twelve months 
boia this time. 

3b /Absp whose wuiuia euable tUem to ^Qo\ixe 'oVoNft'^'as'flo.'ai 



I 



mftj require, a word of caution is also necesHacj. If jovr 
studies reqtiire tbe employment of the very best inatrumental 
appliai)ceR, b;- nil means proeare eitlier a fivet-cloBB stand by 
some well-known maker, or a. microscope made to suit yonr 
sjieciiil reqairements. Bnt at tlie name time do not fail to pro- 
vide yonrself with one of what may be called tlie tkird-clois in- 
sti'aments ; ttiat is, a microscope of moderate size, and deatitnte 
of those complicated arrangements which are the gloiy of all 
flrst-claas Btauds. "With BUeh a microscope you will be able to 
do twice, yea thrice as much work as with the large heavy 
Htands. The phyuiciau or working naturalist that procures a 
very expensive stand for every-day use, makes a great mistake. 
It is vei7 well to have such a stand for spei-ial occaslonH, but 
for " ordinary work " the Bmall stand is to ho preferred. 

And this leads us to enquire what is or ong;ht to be meant by J 
"ordinary work?" The expression is not an nneommoa one, I 
but it is one to which objection has been made on account of J 
alleged indefluiteness. I 

If we exclude from consideration the em.pIoymeut of the micro- 
scope for purposes of amusement or of elementary instntctioii, 
almost all microscopic work may be divided into two classes, 
which may very properly be called, respectively, Qrdinary work 
and pnrposes of i-eseaivh. Ordinary work in this sense consisla 
chiefly in searching for known fomis. and does not demand 
nnythiug like the instnimental perfection which ia required for 
work which at all approaches the nature of original research. 
Aud by original research, we do not mean that research which 
is carried on for the purpose of making important scientific dis- 
coveries, but simi>ly that which has for its end the examination -, 
of the structure and charaeteriHtios of objects which are nn- J 
known to the individual obeerver. I 

In support of this view, it would be easy to cite aumeroua ^ 
instances. Thus every one knows, that for tlie examination of 
different kisds of starch, and the investigation of their peculiar- 
ities, very good microscopes and high poweis ought to be used. 
But HoBsal, in his work on adulteration, tells ns that a quart«r- 
inch objective, of ordinal^ quality, aud used on a commonJ 
etanil, is aufficieut to discriminate lietween the different Htarcltodl 
wMeg tb»/ Me iuixej t^eiUer, J 
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tke study of the diatoms, in so tar as theii' stnii-ture is coii- 
cemed, confessedly requires niiuroBcopeB and objectiveB of the 
■ery higliest claaa. Auil jet we have been told by a geutleman, 
(leMcivedlj stands very high in conneotiou with the 
study of these interesting objects, that for the detennination of 
species, and for most other points which he has studied, he has 
naei a good non-adjusting quarter, on a simple stand, nnd that 
it is but seldom that he baa recourse to better objectives, of 
which, however, he has a fall series by the most eminent 
makcTE. 

By the term " ordinary work," tlien, we may very lu'operly 
designate all such examinations as lead us over ground that is 
well known, while no woik that involves the esamination of 
Trntamiliar stmctarsB or the investigation of unknown processes, 
can be so called. But of all the work that is done with the mi- 
croscope, four-fiftlis (including the work of the physician) is 
" ordinary work." 

To those, therefore, who have abundant means at their 
command, we would by all means recommend the pur- 
chase of two microscopes — always, of course, getting the cheap 
one first. If, during the coui-se of their " apprenticeship," this 
cheap instrument should get injured, the toss will not be very 
great, and by the time the student has teamed to use the cheap 
instrument, he will have acquired intelligent views aa to his 
special needs in the matter of a more complete one, and will 
not be dependent upon the advice of any one. 

To those who cannot afford two microscopes, we would 
strongly recommend as a stand, one of the New Anieriean 
Models, previously described. If we except a few special de- 
partments, such as goniometry, etc., these ittands are equal to 
all demands, and will do justice to any objectives or accessories, 
while at the same tijue they are sufficiently compact and handy 
to allow of the convenient and rapid accomplishment of all 
kinds o£ simple work. 

To those who cannot afford one of these stands, the only 
advice we can offer is to get the best they can for the amoont of 
money they have to spend. 

It would be impossible to give anything like b. liai ot s^ 
QMsa ill irhici the diffpiviit styles ot m^cYoaco^BR \rt«.s* 
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useful : tlic render TCboae uttciition is called to tliis jioiut yfSV 
have liUle difficulty in deciding; the rjnGstion for himself. We 
merely give the genenJ mle, that where diBscptions of ]ilaiitti 
and RBimalH are to he carried on, a simple microHCope slionid 
in general he chosen, while the compound microscope fur- 
nished with good objectiveB, is iBdiapensihlo whenever high 
powers are required for the srammnlion of ohjccte. 

Haying decided npon the kiml of nucroHcope that is needed, 
the next step is to determine the individual quidity of the dif- 
ferent instrnmenfs that may ho offered to ua. To do tliia 
thoroughly, it will in every case be found a good plan to take 
up, point by point, all thoseelementB that are necessary or desir- 
ohle in ft microscope, and in this -way subject the instrument 
to the most careful scrutiny. Unless a microscope ia madi 
specially to order, it will be difKcidt to find one that will com 
bine all desirable features, but the plan we auggent certainly 
enables ua to decide most readily and accurately aa to the pres- 
ence or absence of those points which are desirable for our pur- 
poBes. The following are the chief pointa that demand atten- 

Maf nifying Power.— We place this flrat, because usually 
the first question in regard to a microscope that is asked by be- 
ginners ia, " What is ita magnifying power? " Nowmagni^dng 
power, although an imjiortant element, is after all but asecondary 
consideration. A microscope magnifying a thousaud dtame- 
tei'S could easily be made and sold at a profit for five d^Jlnrs, 
and a few centa expended in paper and paste will at any time 
double, or even treble, the magnifying power of an ordinary 
compound instrument The proper question ia not how much- 
does a microscope magnify, but how much will it show. A 
magnifying power of one hundred diumeters, obtained by the 
use of fiist-clasB objectives, will enable na to see more of the 
true structure of an object than could be reached by a magni- 
fying power of five hundred, the lenses in the latter case being 
of interior quality. Ent, although not the first considernti( 
magnifying power ia a feature of sufficient importance to deserve 
careful deliberation, and without a knowledge of the powers 
required, and the mode in which t^e^ axe En.'^T«»«A,U«be^D;i 
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firi" will of f t'n cncouiitLT dilHwiltj. Botii tliose points being oh- 
Bentinl, tlirrefore, before diBciiasing the mBgnifying powers 
beat anitetl to different purpoaea, it may be well to Baynwordin 
regnrd to tlie mode in wliioli magnifying power is always ex- 
preseed by scientiflo men. 

When we look at a small object tbrongh a microBcope, and 
Bee it magnifieil to twice its length, it is evident tliat its breadth 
is also mftgnified twice, BJid conaeqaently its Hurfnce, no matter 
what the Bbape nmy be, ia magnified four times. It might also 
he Baid that as we only take cognizance of bodies having a sen- 
Bible thickaeaa, this thicknesB must be maguifled twice, and 
therefore theobject ismagnified twice four, or eight timea. The 
latter, however, ia a view which is never insisted upon, aud 
even those who clnim the moat for their microscopes, never do 
more than express the magnifying power in surfaces. Soieit- 
tiflo men are, however, agreed that to espresa a magnifying 
power in surfaces is to convey a wrong impreasion in regard 
to the assistance rendered by the instrument to the natural 
vision, for a cartful study of the physiology of vision, teaches na 
that our power to appreciate and distinguisih the features of 
ftny object depends upon the distuncestowhitli the chariujteris- 
tio points of that object are separated, and this can be meas- 
ured only by linear, and not by superficial units. There are 
other consi derations which lead to the same conclusion, but 
for the beginner it is sufficient to know tliat ail scientific mi- 
croaoopifltB are agreed that when the magnifying power of a 
microscope is stated, it shall be stated in diameters, and not iu 
areas. By common consent, then, ten timea meana ten diame- 
ters. And yet it is a very common thing for charlatans, and 
thoae who wish to deceive the public, to aay that a microscope 
Bold by them magnifies ten thousand times, or one hundred di- 
ameters, and as " ten thousand times " ia much more readily 
appreciated by the popular mind tlian "one hundred diame- 
ters," the majority of those who read such statements suppose 
that they will be enabled to see ten thousand times more than 
they could see with the naked eye, which assuredly ia not the 
oaae. In some inatances these advertisers do not even state 
tbo diameters. We have now before tia, cl\ppeAl"(Cim.fl.\wosiiB\. 
of deBerredfy good reputation, an adveitianieirti ■si\iac'Q.Tea&a»fc 
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fotlowa, omitting whiit printere oail the " display " am 
of the words: " Microscopes uonstructed on scientific principles 
magnifjiug 10,000 timeB." The micraecope in questiau, an we 
learned bj peraoual examinBtion, gives & mngnifjing power of 
about one bnudred dinmeters. Citrpenter speaking upon this 
point Kiys: "The siiperfici'il langQUying power is ofcourae ee- 
timated hj squoj-ing tiie liuear ; bub this mode of Htatement is 
never adopted by seieutific observers, allJiough often em- 
ployed to excite popular admiration, or attrnnt customew, by 
those whoso interest is concerned in doing so." We would, 
therefore, advise our readera to look with auapicion npon any 
concern advertising in this manner. Of course an advertisement 
claiming a magnifying power of "10,000 arena ot 100 diame- 
Im-s " is unobjectionable, becansc both expressions are placed 
upon an eqnal footing. It must also be borne in mind that 
great thougli unintentional mistakes are often mnde by dealers 
in stftting the power of the miyi'OHcopes they offer for sale. 
Nnt long ago a, friend told us that he had beeu ofl'ered a amall 
microscope having a magnifying power of 500 diametera, for 
a moderate sum. We called to see it, taking the precaution to 
put a micrometer and a foot rule in our pocket. By actual 
measurement the highest maguifyiug power of this microscope 
was 45 diameters I Another instance occurs in the catnlogna 
of a well-known and honorable business hoiise, who offer a 
very neat and well made instmment, whose magnifying power 
is claimed to be 350 diameters. Careful measurement of several 
insti'uments, however, gave an average power of less than 200 
diameters! Indeed it will in general be found that the magni- 
fying power stated by dealers who do not devote their chief st- 
tention to microscopes, is greatly over estimated. 

So much, then, being clearly understood in each case, the 
question nnturally arises, What should be the magnifying powers 
possessed by microscopes iutended for certaiu specified purpoaea? t 
That a certain magnifying power is necessary, no matter what J 
the quality of the lenses may be, is true beyond a doubt, 1 
Thus, for example, suppose we wish to see the lines on tha \ 
Pleurosi^ma Artgidalum,yihic\L lines are about the one flf^ B 
thousandth of ho inch apart; what magnifying power wonlj.^ 
Iw ueceeattry? ^^ 
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with tile best illumiuation, the Bverage hiitnaB eye can jiist 
clearly distiugiiisliliiies which are the tno-huudredth of auincli 
apart. Some eyes, uniler favorable circnmstaijces, can see 
lineH placed as close together as 250 to the iucii, but the aver- 
age ia as we have statetl. • To be visible even to the best eyes, 
therefore, the lines on the Anj/alalum, mast he magnified so 
that they will present tlie same appearance aa liuea spaeed so aa 
to give at the very most, say, 200 to the inch. This requires a 
magnifying power of 250 diameters, and with less than this 
they cannot be seen, no matter how good the objective may be. 
And when Dr. Frey aaya that they can be aeen with a power o( 
80 or 100 times, while " weaier objective, magnifying 40 or 50 
tim£B, should show something of the lines," he makes a state- 
ment that we cannot accept. 

In order, therefore, that an object may be distinctly seen, it 
must ba magnified to a certain extent, but the magnifying 
power absolutely necessary in any given case, will also depend 
upon whether the microscope is to be used for general purposes 
of investigation, or merely tor the recognilion of known forms. 
Por the latter x>urpoBe a power of 100 may be sufficient, while 
for the former, on the same class of objects, a power of 600 
would be the least that would be serviceable. The following 
are a few of the oases in which the power required can be stated 
approximately; 

For medical purposes (except for pocket instruments, intended 
merely to enable the observer to reoognize known forms) a 
power of iOO is need*il, and the objective should be of really 
excellent quality. 

Students of histology require a microscope with a wider 
range of power. Low powers are more nseful to them than 
to the medical man, and if they puuh their researches in cer- 
tain directions, thereisno limit to the magnifying power needed, 

*To teat Van sUlemcDt in tho text, pltice % glaea niicronieter, ruled £00 
line! to tho inch, on the Btage of a micrUBi.'Oiie, and by means of tha 
minor throw a beBm of light ngion it, juat vs if for examination b; irscA- 
mitted light in the usual way. If ve uun look at the lioca, not through 
the tob», bat limply from one side, they will appeardlatinctlj m well-da- 
Bned Uiiei. Tiy tho aame with a micrometer mled 250 to the inch; gome 
eyea will lie alilp In rliBlinpniah thpliueB, \>ut f^-vj tqmvj ii"'ii.lKi\oSw w 
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A good two-tliirtL onc-fiftli. Hod one-tenlh, piving magiiifTing 
powers of from GO to 1000 diameters, will, in gunerul, uuswecl 
most raquiremeutfi. It must be borne in mind, however, theifel 
btffinnericaa bardl; be expected to use a one-tentli inch objeo- 
tive to great odv&Dtage. and, therefore, the purchase of this 
item may aafelj be deferred, 

For the stndy of botany, and the ordinary facts of vegetable 
physiology, a power of 300 is auificiunt; but the yerj i 
forma of vegetable life reqnire a much higher power, and so 
do certain of tbe higher points in the physiology of plants. 

For the detection of odnlteration, Hassal recommends tha 
inchaod the quarter-inch objectiTee, givinga magnifying power 
with No. 1 and No. 2 eye-pieces, of from 60 to 350 diameters. 
For ordinary purposes of instruction and amusement in the 
honsehold, e. microscope magnifying from 30 to 150 diameters 
will be found most satisfactory, and for these reasons: Such an 
instrument is easily managed; if well made it gives a power 
amply siifGcient for all ordinary objects, and it need not be ex- 
pensive. Moreover, while it is an easy matter to prepare ob- 
jects so that they may be seen satisfactorily under low and me- 
dium powers, it requires great skill and long practice to enable 
tUe student to prepare objects so that tliey may be examined 
with profit under a high power. And finally, under a high power, 
but a very small portion of any ordinary object aan be seen at 
once, and consequently many of those things that are beat 
suited for popular examination can only be seen piecemeal — 
a very unsatisfactory mode of proceeding. Thus, under a power 
of 750 diameters, afiy's foot could not possibly be seen as a whole ; 
wfl might examine a single claw or pad at a time, but not the 
whole foot, and consequently would find great difficulty in ac- 
quiring an idea of what the general structure of the foot is. 
To give the reader dearer ideas upon this point, we have just 
measured the diameters of the fields seen under French and 
American objectives, with the following results: With a magni- 
fying power of 25 diameters, the field is about a quarter of an 
inch; with 50 diameters, it is one-eighth of on inch; with 100 
diameters, one-aiiteenth of au inch; with 500 diameters, one- 
eightieth of an inch; and with 1000 diameters, the one-hundred- 
and-flftieth of au inch, a space which is ordinarily invisible 
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to the naked eye. Consequently, when these high powers are 
used, it booomes very difficult for beginners to place the object 
properly nnder the laicroscope, for, as will be readily seen, luileHS 
it is adjusted with a variation less than the one-hundred-and- 
fiftieth of an inoh, it cannot be seen at nil. 

The lowest powers tliat will show satiBfactorily certain well- 
known objeof«, ere about as follows: The scales, or so-called 
feathers on the wings of most butterflies cat bo ^ecy well seen 
with a power of 25 diameters; nnder the same power, the eya 
of a fly shows Terj distinctly the several smaller eyes, or oce^ 
of which it is composed; the individnal eorpnsclea or globnlen 
of the frog's blood can be distinguished with a power of abont 
35 diameters, human blood requiring 40 to 50; to show dis- 
tinctly the form, etc., of these same corpuscles requires a power 
of 200 and npwards. The same may be said of starch granules. 
Hnman hair and wool may be seen very satisfactorily under a 
power of 100 diameters, the former appearing like a cord, 
a quarter of an inch thick. In order to show the peonharohar- 
acteristioa of these fibres, however, the lenses must be good. 
Cotton and flax can be readily distinguished under a power of 
80 diameters. 

A question very frequently asked in regard to cheap micro- 
scopes is, Will they show the animalcules in water? And in 
almost ail the advertisements of cheap microscopes, we are told 
that they will do this. Now, good well water does not contain 
animalcules that can be seen with ordinary microscopes, 
is only in stagnant water that they are found, and many of 
them can be seen with the naked eye, without the nse of any 
mictosoope whatever. Others require the use of microBcopea 
having powers a hundred fold greater than that of the beat 
mioroBcopes in ordinary use. It is evident, therefore, that 
such statements are worthless as affording any indication of 
the character of a microscope. A microscope magnifying fif- 
teen to twenty diameters will show objects that are perf< 
invisible to the naked eye, and with fifty diameters, provii: 
the definition is good, we can obtain a very interesting vie 
many of the most beautiful objects described in the books, 
sometimes called animalcules, such as the Volmix Globakir, the 
larger V(rrtice!ll, etc., etc. 
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The Stand.— Thia ahould be firm and Enbatantial, with the ^™ 
centre of gntvity very low. Nothing detra^ita so much from the 
performance of atiolijeolive aatremorandvibTatiun, aiidalEirge 
majuritj of the microscopes in market are very shaky, from the 
fact that they are made tall and showy in order to command a 
iiigh^r price. It is well, therefore, to bear in mind that size is 
no criterion of the valne of a, microacope. Instrument makera 
very proporly give the size of their inatruments, audit generally 
hftppens that the largest instruments by the aame maker beai 
the highest prices. Other things being equal, however, small, 
compact instnimentfi are altogether to be preferred. Some 

» years ago the rage was for large, showy microscopes, which 
made a fine appearance in the office of the physician^ and the 
study of the naturalist. It was found, however, that in this 
case efficiency was sacrificed to show, and all our best makers 
are now cutting down the si^es of their instruments, &nd making ^^M 
them steady, sabatantial, durable and easily operated, ^^M 

There is, of oonrae, a limit to the extent to which stands mi^ ^^M 

tbe reduced in size without saoriSoing their efficiency, and some ^^M 
makers eeem to forget this. There are atauds in market that ^^M 
are too small every way for anything but special classes of ^^M 
■work. The bodies are too small to secure efficiency in the eye- ^^M 
pieces and objectivee; the atage is too small to allow of the use 
of elides of proper size, and there is no room beneath the stage 
for the attachment of proper illuminating apparatus. All this 
is as inconvenient as the three-feet-high microscopes of the end ^^ 

»of the luat century. ^^M 

The weight of the stand is a subject concerning which many ^^M 
seem to differ in opinion. One writer goes so far as to say that ^^M 
no stand weighing less than fifteen pounds can be steady enough ^^^ 
for the performance of good work. It will be fonnd, however, 
that a judicious distribution of the material, and a proper con- 
struction of the different parts, will more effectually resist the 
ububI sources of unsteadiness than any increase of absolute 
weight. Of coarse, if it is merely desired to moke the mioro- 
scope steady, in the sense that an inkstand is steady — that is, 
not liable to be tipped over — weight is everything. But the 
stands that are most difficult to tip over are not those that 
resist vibrations most perfectly. For the latter a tripod with n 
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lalt area of suppoct ia best; for the formeT a atBDd witli 
base resting over its whole aurface on the table ahould be pre- 

cibvions that the canaeg of nnsteadineBS are either vibra- 
tions transmitted from, the floor, or movements caused bj the 
hand in performing the neceeaaiy manipulationa and adjnat- 
ments. The first can never be stopped by weight, unleai 
indeed, we make the stand so heuvj that ita wujght will impart 
rigidity to the table and floor, and this would require a good 
deal more than flrteen puunds, or even twice that. For the 
ohecking of vibtationa transmitted from the floor, no device is 
better than the stand oi table described in a anbaeqnent sec- 
tion. So tar as movementa transmitted by the hand are con- 
cerned, if a, stand of three or four pounds will not resiat them, 
the observer should aet himself about learning delicacy of 
movement before he proceeds any further. 

AU microscopes made in tliis country and in England are 
now constructed no that the body may be inclined to any angle, 
thus giving the power of using the microscope in any position 
— vertical, inclined or horizontal Tlie importance of this ia 
easily seen when we consider that on Die one hand, when liquids 
are to be examined, ibis sometimes nt^cessary, or at least desira- 
ble to use the microscope in a vertical position, though this is 
a very tiresome and inconvenient position, and one that is not 
calotUated to enable the observer to obtain the best possible re- 
sults; and on the other, it ia equally necessary that the body of 
the microscope should be capable of aaauming the horizon- 
tal position wliPH the camera liicida it to be employed for 
making drawinga, aa will be hereafter expLtined. And yet 
Frey actnally gives the preference to micioaeopea that do not 
incline, and which must always be uaed in a vertical poailion! 
This, of oourse, necessitates the complicated and expensive ar- 
rangement which he describes for adapting the camera lucida to 
the vertical instrument, a singular instance of prejudice against 
an obvious and sucoesaful improvement. 

The Stage. —In every case, a large, roomy stage is of the 
utmost importance. Ona great objection to moat French ii 
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H^tiiuieiita ia tliut the Blu^ea nre too emnjl. It should also 
firm and substantial, so that its position in rugtu'd to the other 
parte o( tho stand cannot be varied by slight preasure,* The 
most important points aonaected with the stage are the means 
provided for hi>lditig and moving the object, and the facilities 
■ITorded for attaching accessorf apparatus. 

In the most complete stands, the object is held between. 
eliding clips, which form a sort of clamp that is capable of 
being moved in two directions, at right angles to each otlier, 
by mechanical means, which genernllj consist of a screw for 
one direction and a rack and pinion for the other. This form, 
which is known as the mec/uinical eiaf/'i, enablcH even a com- 
paratively unskilled person to bring any part of the object into 
the desired position in the field of view, and this with the 
utmost precision. These mechanical stages may be said to be 
oliaracteriatic of the higher olaasea of English mieroecopes, and 
BB they are expensive, they are not generally used. Neither 
are they absolutely necessary for ordinary work with low or 
medium powers, tor with any objective lower than one-twelfth 
of an inch focus, the object con be moved by hand quite as 
readily as by the screws, and we hold it to be a well established 
rule in all manipulations connected with scientific work, that 
whenever any operation can be performed satisfactorily by 
means of the hands alone, all special contrivances should be 
dispensed with. For low and moderate powers, therefore, we 
prefer the plain stage, on which the object is moved by means 
of the bauds alone. But when very high powers are used, and 
especially when delicate miorometrical or goniometrical meas- 
urements are to be made, a well-mitile mechanical stage becomes 
s necessity. For while it is easy enongh to bring an object 
very near to a given point by means of the fingers alone, it is 
almost impossible to secure perfect accnracy. In the effort to 
attain this the mecbonioal stage is a great assistance, and 
therefore when Frey utters a wholesale condemnation of the 

■At the BsniB tiini^, bonever, it mnet 1« borne id miiid that do itnge I 
aver -was made so firm that even & slight prcaBnre wonld not nffect ii. I^ 1 
therefore, the roarer Ib doterminGd not to roBt ooDteat with uiythiDj(]l 
ihoi I of B pei^in:!'!/ rigid stage, he will rejeat all the beat mioroiwpei ti 
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miorosoopes, and aaserta t!t:it tliey are anpleasBiiitl; 
loaded with wlmt he is pleaeed to cull " screws and uneaseattal 
ftppuitenances," it seeme to us Uiat lie commits a great error. 
IhoBO coBtlj and compk'x inatrnnientB are iutended for the 
higliest clttHs of work, and the most powerful olijectives; per- 
fection of the work to be done, and not simplicitj in the moans 
bj which it is to be done, is the end sought, and this can be 
attained onlj by the complex means employed. 

We have never found any o( the so-called Ihtpc stages that 
fulfilled the requireniBntB of the highest class of work, and, 
therefore, if a mechanical stage is to bo chosen at all, the best 
form should be procured. 

A microscope fitted with a good mechanical stage leaves 
nothing to be desired, but when other forms are used, it is evi- 
dent that the chief points to be attained are these: 1. The 
object should be held steadily, bnt at the aaine time perfect 
freedom of motion should be allowed. 2. It should be possi- 
ble to remove instantly from the surface of the stage, every- 
thing in the shape of clips and holders, so thut a clear field 
ihonld be left for the adjustment of very large slides, plates, 
et«., or for the rotation of the object in relation to the light. 
S. Even the simplest forms of the stage shouldbe so constructed 
that it may be possible to pass eoer^ part of the object under 
the field of view, and this, nithout anj risk of omitting even 
the smallest portion. This point is of special importance to 
physicians and oaturatists. Thus, it not unfrtquently happens 
that it is desirable to know whether or not certain forma axe 
present in a given drop of liquid; unless we can suhJHct every 
port of that drop to microsoopioal examination, we cannot bo 
Bare that the forms we are looking for are absent. There is 
always a risk of omitting some portion of the slide, and conse- 
qoently doubt must always hang over the exhaustiveness of all 
our cxRminations. The only certain menna of avoiding all risk 
of missing any portion of a given slide is to pass it across the 
field of view in successive parallel baudi), just as a plowman 
plows a field. The process is clearly shown in the diagrams 
■<>a the following page. Fig. 22, showing the mode in which the 
entire «nrface is completely covered with a series of parallel rib- 
bons, the breadth of each of wliieh ia tUe Ais-iaBlet oi ttiftS«\i, 
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^V of viavr, while Fig. 1^ ehows the hnp-bcLzavd wa; in which eX^ 

^V amiuations are nstully tmule, abuadant room being left (bb 

H^ shown by the amall croBses) for the oaRape orimpoi'tant lea- 

^b tiires. Now, will) ordinary clips, it la difficult toe" 
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^V vnloa 
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although it may be done by the aid of a plate of uictal or vul- 
a little thicker than the gloss objeot-slide, and having a 
straight edge. The forward movement ia made by pushing the 
vnloanite plate, while by sliding the objeot along the edge of 
tliia plate, we are enabled to examine a nai-row strip, the width 
of the field of view, as shown in T"ig. 22. A somewhat similar 
device is shown on the stage of Zentmeyer's Histological Micro- 
scope, Plate TT. When slightly modified, this device alsq 
a a gnido for the Maltwood finder. 

In the simpler forma of the stage, the object ia held 
by spring clips, which press it down, and under which it 
moved. Tliese dips arc freqnently screwed to the stage, which' 
is a groat mistake, as we are thus prevented from slipping them 
off, so as to leave the stage entirely clear. They should always 
be held in anch a way that they may be instantly removed, and 
they should also be very thin and springy, otherwise it ia im- 
possible to move the object with suJEcient delicacy. 

The so-called glass stage, or Zentmayer stage, has come 
extensive use, and is very much liked by some. As made b] 
Zentmayer, it consists of a plate of glass, held against a braav] 
support by means of a spring, which is pointed with ivory, 
The friction of the glass pJate upon its metal support is ttnofl 
easily adjusted, and may be either so reduced that the plate will 
I'espond to the alightest tonch, or it may be HO firmly clamped 
as lo he practicallv immovable. 
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tLi; glaaa plate ia statioiiai-j, ami the object- 
ir it, the points at contadt being very sniftll. 
m in tho microscope figured, in Plate IL 

Revolving; Stage.— It is often Jcsii'uble to rotate an 
tolj]B('t iu the optic axM of the microscope, eitlier for the por- 
1 ot measuring angles or changing the direction of the 
niniitiou ia regard to the object. Means for efTecting this 
irith perfect accuracy liave beeu applied both to the mechanical 
Uage ail J the glnna Htage, though the latter is geuerally so con- 
mcted that rotation is impossible. In the large Eoss stand (PI. 
), the stage rotates, and is graduated foi' measuring auglcH. 
M. Nachet has devised a special form of the glass stage, in 
Schioh. pixivisioD is made for rotating it. In this form of the 
stage the object-carrier, F, ia 
held to the glass plate, B, by 
means of two springs with ivory 
points, the springs being at- 
tached to the frame in which 
the glass plate, E, is set. Both 
the plate, E, and the object- 
rarrier rotate in a light brass 
frame. In all these cases an 
attempt is made to sncin'e coin- 
cidence of the centre of rota- 
tion with the optic axis of the 
be fouiid that it is an impossi- 
th any gi'cat degree of accuracy 
is made for occasionally adjusting the centri' 
rotation of the sti^e. No stage that ever was mode will re- 
fer any length of time so tmo tliat angles can be correctly 
jred by it, and therefore aeveral devices have been aiig- 
ited for securing accuracy without adjaating the stage, since 
weU-made an adjustable stage is expensive, and when 
>Tly made it is woi-thless. 

best known of these devices is what is called the center- 
nose-piece. This is a kind of adapter which is screwed on 
body and receives the objective. It is provided with cente.v- 
wraageaieiita, and the objei'tive bn.ving'Viee'Q: ^cve^oii. w>Xa 




Fig. 24. 



astrmnent. It will, hi 
nlity to attain this object 
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:actly over the centre a 
objectives tliis 
e apt to sliow ilie el 



it, ihe lattci' may tioiv be adjusted 
rotation ol the atage. With 
very well, but flrat-claas objecti 
of Ijoiag thrown out of ceiitre. 

Where rotation in regard to the illiimiuatioa alone is reqni 
several plana may be employeil. One of the oldest is thrfj 
(onnd in the large microseopes of Hiirtaaclt and others, aaiH 
reoently adopted by Mr. Browning. This device conaista in 
forming the stage in two piecos, the lower part being firmly 
connected with the foot, and the means of Ulumination, 'while 
the upper pEirt, which rotates on the lower, is rigidly att&cUed to 
the aim whicli carries the body. In this way the body, the arm, 
tile npper part of the etage and the object may all be simnltane- 
onaly rotated in relation to the illumination, and for ordinEiry 
purposes tliis answers very 

When polarized light is used, however, it is obvious that 
is impossible to rotate the object in relation to tlie polari 
i-ay, withont also rotating the analyzer, and, as every one tliaf ' 
liaa worked much in this direction knows, it is often of great 
importance that both polarizer and analyzer should be kept 
stationary, while the object itself rotates between them. 

The little diatom stage devised by the anthor, and shown in 
Figure 26, page 114, also affords very simple and convenient 
means for rotating objects either above or below the stage. 
And it would be a very easy matter to so construct it, that its 
centre of rotation might be accurately adjusted to the optio. 
axis of the instrument. 
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Hot Stage.— It is frequently desirable to keep certain pre- 
parations at a given temperature or to raise theui considerobly 
above the usual temperatureof the atmosphere, so as to observe 
the action of reagents upon them and the effect of heat upon 
their vitality, where living organisms are under obaervatii 
Various devices have been worked out tor this purpose, 
stage consisting of two plates, each with a central aperti 
and so united as to form a tight box through whieh a heat 
fluid is made to circulate, is probably the best. For temj 
tiires under 212° F, water is the best liquid; for highi 
pemtara oil ex sftline solutions maj Vvo -oaei. 
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heRting ubjeuta under the niiuroscoiM?, «a liaye long 
tliick copper vdre coiled in the flftt so as to lie on tlie 
and with a projecting end wliicb may be lieated by n 
'lamp. It is not difficult to adapt a small tLermometer so as to 
indicate very nearly the temperature to ■wliich tlie object is 
Babjected. To regulate tbe degree of iieat employed we pasa 
tbe eud of tlie wire tlirongli a copper tnlxj -wliicU ia made Ui act 
MB a cliinmey to the lamp, and by moving this tube in or out, 
"le coil on whicU the object lies may be made more or leas hot. 



Btages Cor Special Piirposes.— It may tie safely asserted 
tliat tliei'e lins never yet beeu constructed a stage wLiuli would 
Buit the requirements of every worker with the microscope. 
Indeed, each investigator seems to reciuire special modificatioDs 
of his own. Thus, it will be found that the ordinary stage, 
with all its appurtenances, is too thick to admit the use of that 
very oblique illumination which is required by the worker on 
diatoms, while if the stage be made thin enough it loses the 
^Ueceseory rigidity. Some makers have sought to obviate thi» 
^■bjr supplying two atagca— a stout one for common work, and a 
^Rhin one for diatoms. A microscope now in our possession ia 
^^uraiahed with an extra thin stage, wliich, by a very simple 
flndingenious device, can be instantly substituted for the heavy 
one. The tcicroscope is said to have been made by Spencer or 
Tolles, and must have been made about the year 180fi, or even 
earlier. Thin stages, on (he same principle, called Diatom Stages, 
have been recently introduced by saverai makers, thus affording 
another illustration of the aphorism that history repeats itself. 
The same object is also attained by means of the secondary 
stage, invented by Mr. Lewis Butherfurd. This is simply a 
skeleton stage, which is placed on the ordinaiy stage, and in 
raised so far above it that the illumination may be applied 
between them. Bays of great obliquity may thus be |)asaed 
through the object, Butherfurd's skeleton stage forms also an 
admirable tqf^y stage, since the object, being held against the 
under side of the skeleton stage, yields to the slightest pressure 
of the objective. Mr. Spencer has also taken advantangeofthis 
principle, and so formed the under side o£ t\io atft^e wi. wiiaa o^ 
)^aiand8, tl»t tlie object may be pTesaeii e.fE,e.S'Q&^. S.'t.'^'j 'Oka 
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clipi". wlik'.L for this purpose are jtuslieil tliioiigli from helow 
iipwiirilM. Ill focussing, the objective is passed through the 
stage it neceesarf. Groat obliquit;, and x^rfect eafetj agaiuat 
breakage of the objeot b; the objective, are secured. When the 
mlorrwi-opiBt is oaiag vabinble slides, costing from t«u to one 
humlrLil dollars, the latter feature is one of great importnnce. 

Ill mflnj microscopeti. however — notablj those of English 
nuDnfactnre— tlie under side of the stage ie not flat and even, 
ao that a slide ctmnot l>e laid against it. The follon*iog simple 
device obviates this difficnltj: A i-ectaognlar plate of metal is 
pien'od with a hole of the same 
! ftH the interior diameter of 
sub-stage ring of the mioro- 
' scope, and in this hole is fastened 
a tube, which just fits this snh' 
stage riug. The plate is pvovided 
n'ith two light spring clips, which 
hold tlie object against its under 
side, and it is eoHy to see that thin 
simple contrivance, which is shown 
in Fignve 26, serves thi-ee very im- 
portant functions: 1. It affords 
means for obtaining light of great 
obliquitj, since in reality it forms 
a stage which has no thickness at 
Fig- S6, all. 2. It serves as a perfect safety 

stage, thus enabling ns to avoid all 
risks not only to valuable slides, but to stil! mora valnabe ob- 
jectiveB. 3. It enables us to rotate the object very nearly in 
the optic axis of the instrument. J 

The coutricity of this rotation is not sufSciently accarate tO J 
enable us to measure angles witli any degi-ee of precision, bslr^ 
it gives us the opportunity of placing lined diatoms and other 
objects ill any position in regard to the illomiuating ray. 



Siib-Sfege.— The sub-stage is used chiefly for holding and 
adjusting illumiaating apparatus beneath the stage, and in^r 
justly be regarded as one of the most important parts of tJw 
Mtnnd. 
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r It fonuB a prominent featui'e in tha New American Model, rs 
n all fiMt-clase microscopes. 
In its simplest form it coQsiEtB simply of a short tube or ring, 
~ ' ;h is attached to tLe tmder side of the stage, and is fitted to 
ive polarizers, paraboloids, condensers, etc. It aliould be 
e removable, so that it may offer no obstacle to tbe employ- 
mt of the most oblique illumination. 

In the Neiv Amei'icnn Model it is attached to a swinging anu, 
BO tbat (ho iiluminatiug apparatus, which it carj'ies, may be 
placed nt an; angle with the optic f-TJa of the microscope. 

When a mere ring is used for receiving the accessory pieces 
of apparatus, tbe latter are adjusted by simply pushing them 
up or down, but a much better plan is to have the ring itself 
moveable, as is the case in the iustmraents shown in Plates m, 
IV, V, and "VI. The accessory is then placed in tbe ring, and 
Uie latter may be slid up or down tbe carrying bar, so as to 
allow of proper adjustment. A still better plan is that shown 
in Plate I, where tlie distance of the sub-stage from the stage 
It^Iiaj lie adjusted by means of a rack and pinion. 

In any case the sub-stage itself, or the apparatus which it 
1, should have facilities tor accurately centering tlie 
B pieces of illuminntiag apparatus. 

The Mirror.— The mirrors employed for illuminating 
siictoBCopic objects are either plane or concave, and in the 
better class of instraments both kinds are provided, while the 
cheaper forms of the microscope fiave only the concave mirror. 
The plane mirror reflects tbe light just as it falls on it — that is 
Bay, divergent rays (as from a lamp) remain divergent after 
' iction, and parallel rays (as sunlight or rays from the bull's- 
condenser) remain parallel. The concave mirror, on the 
hand, causes parallel rays to converge and meet at a point, 
Vhile other rays are rendered either less divergent, parallel or 
conrergent, as the case may be. It is very important tbat the sur- 
face of the mirror should be accurately formed, and therefore in 
kll good mici'oscopes they are made of glass, which has been 
aoonrately ground and polished. Blown or cast glass will not 
answer. And as the quiUity and quantity of tbe light is graaOy 
nifected h^ tbe rejecting surface, llie \itsX TSAX'i'^'^ ^te ^toe:"^s;\ 
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witli {lUro Sliver, instead of with the amalgam u{ tin and 
luorcurj-, onlinarily naml. The mirror aliould be bo huug that 
it ninj throw n beam of groat obliqnitj tiirongfa the object. lu 
lutm; oaeen this in absolutely ueoesiiur;, and evea for ordinary 
work it is of great advantage, since it not oulv enables ns to 
resolve line<t objectB, but to secure important chuoges in the 
illnmiuatiou of common objects. A very fuir dark i^i-oiind 
illumiiialion may be aecured if ttie light is so oblique that none M 
of it can enter the object-glass direclij. 

TliB mirror should not only be hang so as to swing to a 
angle, but it shonid be movable ou the mii'ror-bar bo that d 
rays which it reflects may bo broiiglit- esuctlv to a focua c 
object. This is done by sliding the miiTor out or in, acoordi)^ 
sv* the rays are more or less divergent. 

The concave mirror should be large, so that it may coUccH 
lilenty of light. The plane mirror may be small without mHuli 
li>ss. The concave mirror is frequently used fur the illaminn- 
tion of opaque objects, as when Isi^ it concentrates the light 
very strongly. For this purpose it is either mounted o ~ 
separate stand, or the mirror-bar is so hung tliat it n 
turned up over tlie titagc. so as to reflect the light down upc 
the object. 

The Body.— The only points connected with the body Q 
tbe microacojie irLich I'eqnire oousidemtion are its (liometer ai 
its length, and theso must of necessity vary so much according^ 
to the purposes to wliich the microscope is to be applied, that 
no rule can be laid down. Pocket microsoopoB are of necessity 
smftU ; mierosfopea intended tor use with objectives of low 
power and large angles, must have a large diameter. Andsincfl 
the distance of the eye-piece from the objective aSeots the cor- 
rection of the hitter, it Las been found necessaiy to adopt a 
Htandaril length of bwly. This has been flxed at ten inches in— 
tliis country and in England. On the continent of Europ4ta| 
oight inches is the length that has been adopted, and most efl 
the continental objectives are corrected for this length of bod^H 
Provided it is large enough to take the new broad-gauge Bccet^f 
the diameter is not nf vmy git-iit impurtance in bodies ^U 
laoQemtii length, but Bcale telle ur tba,t in bis lon^ tubea^ i^B 
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3 to pioduce great magoifjiiig power, a diiuuetec of tnvo 
to two-ODd-a-half inches was found to be absolntelj tiecesaary 
to preveat the glare aiisiug from iutemal reflectiou. Aa inch 

fid a, qaaxtoi la a good size for oidinarj- ins t rumen ts. Sinoe a 
iry long body ia inconvenient when tlia microscope ia used in 
Tertiotd position, the best iuatiiiments are furnished with a 
I>raw-Tube, whereby the length of the body may be 
varied at pleasure. .Vs explained in a. former paragraph (page 
20), when the distance between the eje-piece and the object- 
glass is increased, the magnifying power is increased also. 
The draw-tube, therefore, gives ns the means of vaiying and 
adjusting the niagaifyiug power of the microscope, aud thia ia 
sometimes of great use. Tiius, suppose it were required to 
au object to a scale magnilied exactly one hundred diamo- 
it might be impoissible to procure an eye-piece and an 
Bbjective that, with a fixed length of body, would give exactly 
amplification, but when we are able to vary the magnify- 
ing power by changing the length of the body, it ia enay to get 
at it exactly. This, however, is but one of many advautageH 
afforded by the draw-tube. If the objective be good, and the 
eye-piece not very high, au easy and very satisfactory way to 
' lorenae the magnifying power of the microscope is to lengthen 
body by means of au additional tube, which may even be maJe 
smooth pai>er. But it must be borne in mind that any change 
the distance l)etween the eye-piece and the objective affects 
correction.^ of the latter, just as a change in the thickness 
he covering glass would do. Consequently, unless the ob- 
itive has a considerable range of correction, it may be impoe- 
pble to get good reaults when a very long draw-tabe is used, 
the other hand, the driiw-tnbe may be used to good ad- 
itage as n lueani; of cfirrectiug for covei'ing glaea when non- 
jasting objectives are used. We have a one-fifth objective 
(T before us, with which we can see clearly the liuos on the 
atufi^lum on the bal&am Probe Platte wiieu the draw-tube 
ont, bnt when the tube ia pushed in, the view is foggy and 
idistiact. This ix due (o a tlisturbanco of tlif corrections. 
The insides of all dravi-tubes luid bodies should lie well 
keaeA "WJiea bjig'ht ur wMte the g,\a.ve 5teo."iN."j \(vsax«4.'^BSi 
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ilo&amg }>ovreT. WLeu draw-tubes or long eje-pteoas ■ 
ttiTangwl tbat they rub agaiuat tlie inside of the tube in which 
they are inserted, they invariably mnka the latter bright by 
friction. They shonld, therefore, always slide ia & collar. 

It is always well to have the lower end of the draw-tube fur- 
nished with the Society acrew, bb by this means it is soraetimea 
possible to use objectives of greater working distance than 
could otherwise be employed, and this an'angement ai^o afibrds 
facilitieK for the ukc of amplifiera, erectors, etc. 

AdJastmeatB for Focussing.— lu the cheaper forms of 
the iiiicroEcoi>e the acljustment is made directly liy hand, out 
tube sliding within another. lu a better class oC instruments 
the objective is brought nearly into position by sliding the 
body through an outer tube, and then the final adjiiBtment ia 
made by means of a screw or other mechanical uteaus. But in 
all the best mieroacopes, the coarse adjustment, as it is called, 
is made by means of a rack and pinion, while the fine adjust- 
ment is made in the manner juat mentioned. Instead ot a raok 
and pinion, a chain is sometimes employed, and the coarse 
adjustment is also made in some oases by screws of very wide 
pitch, and similar devices. Nothing, however, con equal a 
smoothly cat and well-fitted rsck and pinion. It ia sometimes 
alleged that the chaiu is more delicate, but this is not so. We 
have now in our posBession a cheap, but well made microsoope, 
the raok and pinion of which is so delicate, that with it W6 can j 
focus an objective of an eighth of an inch focal distance with I 
sufflaient accuracy for all ordinary piirposea. 1 

For ordinary purposes, especially the work ot the phyaioian ^ 
and medical student, the coarse adjustment may be more easily 
dispensed with than the fine one, but at the same time it must 
be temembered that any mode oE adjustment in which the body 
is liable to turn round, is incompatible with the use ot many 
important pieces of apparutus. Thus, for example, any turn- 
ing of the boily interferes with the use of the double nose- 
piece, the polariscope in its higher applications. Prof, Smith's 
opaque illuminator, et«. A rack and pinion, or its equivalent, 
should, therefore, always be chosen, especially as it does nok 
add taore tbna five or "is doUaia to V\»e coat, oi Van iuatrmuent, 
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"' Of devicee (or fiae movements the name is legion. Au old 
a is to place the object upon a. plate attached to the stage, 
! it towards the objective by means of a fine screw, 
ffihia is EL cheap and convenieut method. It has been objected 
it that the object is " tilted," as it were, bnt this is imper- 
jeptilile in practice, and causes no difflcultj. The abjection 
' L that irhen the object moves, monj of the finer methods of 
^Tunination are disturbed. Another common plan is to make 
e-piece, which holds the objective, movable. This altei's 
B length of the body, and changes the magnifying power 
Bvery time a change is made in the focal adjustment. This 
is too slight to be observable, bnt it is sufficient to inter- 
i with delicate micrometric measurements.* 
' To avoid this difficulty, tlie entire body and its attachments, 
including the coarse movement, are carried by the flae adjust- 
ment. In its general feattires, this plan is a very old one, and 
at least a dozen modiflcatioiis of it have been devised by dif- 
ferent makers. As usually constructed, the body is raised by 
■aneaDS of a lever, the long arm. of which is acted npon by a 
Helicate screw. A strong spring is arranged to lomer the body, 
Mttid OB the spring mahi tains a continuous action, all lost motion 
Rg prevented. In the fine motioa used by the Bausch & Lomb 
BOptiQalCo., and which was invented by Mr. GiiniUach, the body 
Win Bospended on two pai'allel springs, slides on carefully iilaned 
■Vays, and is moved by a fine screw. _ 

I Objectives of large aperture ai'e so sensitive to slight varia- 
wHone in focal adjustment, that it is difficult to get a fine adjust- 
Kmeat sufficiently delicate, Mr. Oundlach has recently at- 
tempted to increase this delicacy by using the well-known dif- 
^pvential screw, and with very satiafoctory results. 
■ Id judging of the qnality of either a fine or coarse adjustment, 
BjBiB points to be observed are the delicacy and accuracy with 
Brtiioh, the objective may be moved to and from the stage, and 

^B >It bag been alleged tliat tliis inorease or ilecreasBofinBgaifjiiigpnwer 
^■linare apparent witli tbe liiglier powecs ttia,ii with tlie Inwer powttra. 
Hbdwd, It has beeu a^d tliat with high powurx the ['U.^ugcl uf luaeuifrini; 
BKurer ia qutte percoptihle. Thii, of oouree, ia luero imnginBtiou, as any 
Mpe of an arithmetical tuia of mind can sea, Indeedi tUe &c(a wou^ 
Hutlo be JBlb«r [be otber way. 
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tb« frvedom from tvist or sjiiiaieiit displacement of the objeot 
In nuui; microscopes, wlien a Ligli power is nsetl, and Lba 
body in mored np or down fur ttic pnrpose of adjustiiig llie 
focoa, the object is aotuallj tlirowu ont of tlie field of view. 
Bacli ft microscope should be at once coodemBed. 

Whatever l>e tlie nsttii-e of the fine or coarse adjustment, see 
that the body lias snflioient range of motion to allow of the use 
of objectiTes of considerable working distance. 

Tbe Diapliragm.— Nothing tends so much toobsonieour 
view of the fiuer points of structure in any object aa to haye 
them "drowned" in a siiperabnn dance of light, conseqnently 
in order to regnlut') the amoant of light which passes throngh 
the object, a diaphragm is employed. As ordinarily oon- 
slmcted, it is simply a metal piate placed below the stnge, and 
pierced with holes of Tarious sizes, which may be brought ex- 
actly under tbe field of view, the amall holes allowing bnt a 
small amount of light to pass, while the large ones admit a full 
stream. Considerable difference of opinion exiata amongst 
microacopisis in regard to the proper position of the dia- 
phragm. Thus Carpenter says (page 133) thut unless placed 
half as inch below tbe object it is comparatively inopetatiye. 
Continental histologist^, on the other baud, allege that it is 
nseleBS unless placed close np nnder the object. Microscopes 
oonBtmcted according to both these plans are to bo found in 
market. Where tbe microscox>e ia fnmished with a snb-stage, 
tbe distanoe of the diaphragm from the object is variable at will. 

It is obvious that when the diaphragm ia placed at a oonsid- 
erablo distance below the oliject, tbe iUumination ia purified, 
us it were, from all cross rays. When tbe diaphragm is placed 
□lose to the object-slide, the illnrainated field is contracted. 
The action in this case, however, ia aomewhat complex, 
owing to the influeuce of the slide in mottifjiug the course of 
the riijN. 

Several very ingenious forms of Iris or graduating dia. 
phragras have been devified, by which the size of the bole may 
be changed without interrupting tbe observation. They are 
esooeiliugly convenient, and present ^dyantagea which mon 
^0U pdin'arl'ttKiiC^ Uie WiX^ 
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ObJectlTCS.— TbeEe aro coiifeesedlj- the inoet important 
jouneuted with the mi cri ■scope; thpy therefore deserve 
i greatest citre in tlieir Heltullou. In a former seotioii, wo 
illj explained the geueral charsctfristius at the differeiit 
inds of ohjectives in market, and detailed the beat methods of 
it testing them. A cnreful stuily of that chapter wUl, we hope, 
ioable the beginner to avuid a gUtss that is absolutely bad, 
IfiiDugh tve must acknowledge that all experienced miorosooplsta 
e agreed that no amount of mere reading will enable a 
■ ^ovice to pronoonce a correct judgment upon the quality of an 
objective, unless its defeota should be very glaring indeed. In 
this place we shall confine ourselves to a few Lints in re- 
gard to tlioao feutares which adapt objectives not cnly to 
Bpeciul kinds of work, bat to the skill of different classes ot 
orkers. For it is an undoubted foot th.it objectives wliich in 
Sie liands ot skillful microscopists, atid ou certain cUssi^s of 
ork, would give extrjordiuary lesalts, wouiil in other hands, 
tni for otlier purposes, prove of far less value tUau lenses ot 

immunlj' considered a greatly inferior gi-:ide. 
, 'We do not here propose to take part in what is colled the 
!*batlle ot the objeet-g lasses," such a discussion being out of 
,n elementary w.ii'k like the prpsent, but wa think few 
11 be hardy euougli to d«uy that one who has a t.isto fnv mich 
ttdnga, but has neither the money required to pui'i;hasu u Urat 
<a glass, nor the time necessary to acquire the requisite skill 
e it, had better work witb a cheap French tripkt than not 
roik at all. Moreover, it is astoniahiug how far patience, skill 
1 experience will go to make up for a deficient instrument, 
^Mle at tlie same time, it is nnfortunately true that some who 
SB the very bdst glasses, and have done tho most to 
r ridicule upon all work done with inferior lenses, have 
' mode a single contribatioa ot the slightest importance 
o any department of microscopical science. 
t In a former chapter we discussed at length the different 
tualitiea of object-glasses, and showed how these various quali- 
night exist in very different degrees in diffBrent ob- 
ectives. It is, of course, obvious that the extent to 
ErMoh »ny one quality should be aovig\it \ii b. ^OTXass&M 
^ moBt depeud aitofetlier upon tUe kiu4 ol 'fl'K'*. Sa^Na 
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to I>e doDe. To those who are addicted to what Holmes 
■'flghtiog objectives," resolutioa will be the quality to 
desired; otkera will prefer peaetratioa, flutneisa of field, 
lu our estim&tiou, for tbopatpoaeB of ordiuary eoientiflo 
we would assign to these qualities values iu tbe foUoi 
urder; 1. Defining power; 2. Freedom from stjerratioa 
forai; 3-4. Resolution or Penetration; fi. Working dial 
6. Aoliromatism; T. Flatness of field. TUefirstqualitj thuts'.K 
tiofteciirediaeverjlens is undoubtedly defining power, and 
whether its angular aperture be high or low. Achromatism 
place !ow in the scale, because unlesB ao marlsEd as to injure 
tlie definition, a little color does no harm. FlatnesH of field we 
pUee last, because it will be found that perfect flatness of fi>^d 
is very seldom oombiued with first rate definitioo. Indeed, we 
Lave beard oue of the most celebrated makers of objaotivei 
asaert that the two qualities are to a certain extent antagonistdo. 
In giving advioe in regard to the seleotiou of an objective, 
one of the points concerning which it is most diffloult to arrive 
at a decision, is that of angular aperture. Fortunately, however, 
expetieooed miurosoopiste may safely be left to decide thia qoes- 
lioa for themselves, and since those who have had no experience 
will find it diffloult to use objectives of very wide aperture, it will 
certainly be prudent for them to choose those of moderate angle. 
Objectives of very liigh angle are worthless, unless the illt 
tiou ia well managed, and the adjustment for thickness ul 
properly regulated. Oathe other hand, a good non-adjiistinj 
Ifus will give very f^ir rejiults, with but a moderate amount 
skill on the part of the user. Alnioat all our best makers nov' 
produce ohjsotivus of moderate angle, which do not adjust tor 
thiokneBa of cover, but w'lich hivo considerable resolving 
powet. We have now before ua a one-fifth which costs but fif- 
teen dollars, and which will easily resolve the Pleitrosigma An- 
gukiiiim by central light. An important point for oousideratioQ 
will, of course, be, whether or nut the glass is intended for 
original work, or merely for the study or examination of well 
known objeota. The work of the physician is chiefly amongst 
well known objects, and may be verysutisfactorilyaooomplished 
hfjntaiis (if good nnn-adjuating obj^ctiw.a, a great poiwt in 
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fHore rapiilly tban with glanaes that require greater care aiil 
~ 3 Bame is trne of the elemenlary studies of the bot- 
E'lmiBt and hiatologist, carritnl on iinikr Ibfi giiiilaiice of a com' 
I petent teacher, Aod us iu all Buck coses it is eaxy to Jiod out 
rthe special thicknesa of glaes for which the object-glaaa has 
\ been corrected, and to provide a aupplj of the proper thickness, 
Etheabaenae of a means of adjiistmcut for cover thickness is not 
I very important. But for all the liigher olaaa of studies, good 
iHth 'well-macle iLdjuatmcuts for thickness of cover, are 
P indispensable. * 

ObjeotiveB of Tery low angular apertiiiv, are, however, to be 
oatefally avoided. There is a want of light, and an indistinot- 
nesa which readers them worthless. It it generally said that 

ttheBQperiority of large aogles is most marked in the objectives 
of high power, and that for low ^lowers the common objeotivea 
do very well. In our judgmeat, however, the superiority of 
ttie low powers is quite as marked as that of the higher ones, 
and much more available to the beginner. It is true that thn 
' superiority of a well mads one-eixth of high angle, over auy 
triplet of whatever focal length, is immeasurable, but at the 
tame time it ia equally trne that the view of an opaque object 
in through au incli-aad-a-half obji.'Ctive, carefully corrected, is 
nmuchsuperior to the sama as seen through n co:nm'jn triplet, 
9 possible to imagine. We have now before na a Bpeui- 
len of bone of very open structure, mounted as an opaque 
Vitbject. Seen through a first class inoh-and-u-half objective, it 
senta almost a stereoscopic appearance, and the entire stmc- 
Etore ia easily made out. Tlie view afforded by a very fair French 
firiplet (No. 0) is so markedly inferior, that auy person who 
f riionld see the two would never again use a cheap objective, if 
e conld afford to get a good one. Moreover, the objection 
^ which we have just urged against objectives of higli power, and 
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wide BtielB. viz., ihat tliej ara iliffiaulttc 

not hold in tlie case ot low powura. A good inuh, of comport- 1 

tivelyliigh nagte, is moce efwilynaad tlian a, pf)or triplet, 

A question wtiicli lins conaidembly occupied lUe ftttention ot 
miorosoapiHts, is tlie value of abjectives of bigb power, and tbeir 
efficiency as oompiurttd with thoaa of lower denominations. 
Thatiu many coses cousiderabla iimplifioation or magnifying 
power is absolutely necessary, admits of no doubt; but the ques- 
tion to basettledis: fliippoHetliutwewiBh ajKiwer of 2.000 diome- 
terti, wniUdit bo better to get tLisby meauaof a tenth of an inch 
objectiTi', mnguiFyiug 100 times, and it hull inch eye-piece mag- 
[ying 20 times, or by a twentieth of an iiiL-h olijuotiva magnify- 
ing 200 times, and au inch eyc-pieoe magnifying ten times ? 

It ia not very miny years ago aince one of our ablest Ameri- 
can objective mukera held that a h'us of a quarter of an incb 
focns miglit be made to du anything that a lens of any power 
could be miide to do, and the ground of this opinion was that 
the individual lenses of objectives as low as a fourth, conld be 
made so much more perfect than the smaller lenses of higher 
powers, tbat tbis perfection more thau couuterbalanoed the 
greater magnifying power of the objective ot shorter focus, 
The reasoning here seema sound and obvions, but it has been 
fonnd in practice that for everything except resolution, the Emit 
to which the power of objectives may be carried, ia tar beyond 
a fourth. For resolution it has, we believe, been fonnd that B 
well made tenth is capable of doing anythiug that any lens can 
do; for other kinds of work sixteenths and twenty-fittbs, and 
even fiftieths and eightieths luiva been declared to poaaess 
advantages that are obvions. This, however, is one of those 
points upon which authorities differ; Beale, for example, ffiTora 
high powers; Carpenter and Prey seem inclined to think that 
very high powers show nothing that oannot be seen by meona 
of objectives of greater focal length. 

French objectives of the numbers 1, 2, 3 and i, if oarefBUy 
selected, are capable of doing really aervieeable work. A few 
years ago, some of the best known makers of American mioro- 
soopea used nothing else, even in microseopes oosting $150, but 
tlija coarse we ciia scarcely regard aa indicvoua, fur whenever 
i/je microaaopiat is prepared to expend ftlS or uiur* \iAt ii.-ai\i5ni. 
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wpe, a large part of this aiioi sliould be laid out in the pur- 
i of objectivea of the better claaa, the one-inch and one- 
Viourth, or the three-fourths itnd oue-fifth being those that are 
rttsualljr selected bj beginners. 

French triplets are, however, going rnpidlj out of use, from 
f the fortunate circumstance that objectives of low price and 
exoellent quality are now produced by several makers of repute. 
It is well, however, for the render to be on his guard against 
a fraud which h^a been but (oo eommon of late jeara. Some 
Bo-oalled opticinns go ho far as to add a little brass-work and 
engraving, and sell these French triplets as objectives of Ameri- 
can nuike. We do not here refer to the mere operation of attach- 
ing the objective to an adapter, and fitting it ia a brass boi, for 
this adds greatly to the couveuience with which euah minute 
^objectives may be bandied and preserved, but to a sort of 
"makiiig over," by which they are completely disguiaeil and 
aoade to resemble the objectives of English and American 
" 1 hirdly necessary to characterize such a pro- 
ding. 

[ Eye-Pieces.— The eye-piece that is at present almost nni- 
Lversally used is the Hnyghenian, which, when well mode, gives 
i very excellent results. In the use of low powers, wheie a very 
md large field is desirable, the Hnyghenian eye-pirce fails. 
Land the same i^ also true in regard to very high magnifyiog 
KlUwerB, where the enlargement is obtained in a great measure 
Wby means of the eye-piece. The extent to which the definition 
li»f really good olijectives is deteriorated by the use of eye-pieces 
B'Of great mBgnifjiiig power, and the loss of light which they 
I'Occasion, render them priictically useless. Fur high powers, 
f file solid eye- pieces of Mr. ToUes are vastly superior, while for 
■ low powers, where a large flat field is desired, Kelner's ortho- 
KAoopio eye-piece presents important advantages. 

. Gundlach has recently brought out a new eye-piece, 
^Vhieh he has named the jjeriscop/c, and for which a large field 
■i*nd excellent definition are claimed. They are much more ex- 
I pensive than the Hnyghenian. We have not had an oppor- 

' mity of eiaminin^ them carefully. 
fcZn determimBg tie quality of an eje-pioce, a.ttaiAVci'n. "\* Vft^i^ 
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p*Itl not oalj to its gEmernI excellence, hnl to its adaptability 
to the objectiTeB that are to be used wilhit, lu tlie higlier 
depnrtmeiitfl of microecopj, the latter is & moat importunt point, 
bat one which is too freqaentl; neglected. It does not, how-. 
«vet, oome witbin the scope assigned to the prencnt work, and 
we, therefore, content ourselTea with a tew general hin'a. 

The lenses composing the eje-piece, should be a( homogeneons 
glass — that ia, free from oir-bubbks, specks and striee, and the 
Bnrfac«a shaiild be well polished. These points reqnire atten- 
tion, because wehave in onr piossession a microscope in which — 
thongh it cost enongh taone^ to be tree from snob defects — 
the; are glaring!; apparent. On looking through the eje- 
jrtece at a strongly and evenly illuminated surface, the entire 
field of view — that is, the whole of the bright circle-thnt is 
seen, shonld have the light evenly diffused over its snrfiice, 
and the edges or border of this circle should be sharp and 
black. 

Eje-pieces intended for flrat-clasa objectifca should give a 
large field of view; bnt on the other huud, if French objeotives 
l>e used, the field of view should be small, otherwisj the defi- 
nition wiU be poor. This is a point that ia frequently over- 
looked, and we have seen very fair object-glasHes condemned 
as worthless when used with a stand and eye-piece intended 
for objectives of an entirely different class. It ia an easy thing 
to contract the field of view, by means of a round piece of thin 
sheet metal, having a hole of proper size in the centre. As pre- 

insly explained, such a piece of metal is called a diaphragm, 
and shonld always be well blackened. 

The magnifying power of every microscope depends npon 
three things; The focal length of the objective, the length of 
the body, and the eye-piece. Most microscopes are, therefore, 
furnished with several eye-pieces, whereby the magnifying 
power may be varied. Tiii?ra is, however, a limit to the extent 
to which this miiy be done. The imago obtained by very deep 
eye-pieces, as they are called, is rarely satisfactory. 

The different eye-pfecea are generally denoted by letters — A, 
B, C, D, etc. A being the lowest, and B, C, D, etc. , successively 
higher. Some makera use nnmbeia— \, 1, ?., \, e.Vc. 'HieM 
letters and Biunber, are, however, entiieVs"^^^- 
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i4iAa6m1}Uiig the numbers aBsigned to objectives by continental 
iiiitkerfl. A great iniiicoveraent upon this arbitrary and nncer- 
tuiu Rjstem would he to aHsign to eacli eye-piece its proper 
power expressed in incliea. Thas, an eye-iiieoe magnifying the 
Hnme as a simple lena of two inches focus, pboold be called the 
two-inoh eye-piece. 

Andhereletns call attention to the terms deep and shallow, as 
applied to eye-piecee. By all authors of repute, a deep eye- piece 
is one of greiit magnifying power, while a shallow eye-piece i^ the 
reverse. See the Micrographic Dictionary, and theworksot Car- 
penter, Beale, Lardner, Frey, etc., etc. It is, therefore, singu- 
lar that Dr. Lshkester, in his popular little work, ' ' Hulf-Houra 
witli the Microscope," ehould have committed the nuHtslie of 
giving definitions exactly the opposite, npon the ground 
that eye-piecea of great magnifying power are always short, 
while low eye-piecea are always long. It is etident, however, 
that the terms are liable to give rise to confusion, and we pre- 
fer the words high and fore — the meaning of which is so ob- 
vious as to require no explanation, as every body knows vhat 
high magnifying power is 

While clearness of defiiution and resolving power are the 
most important qnalities of every good microscope, magnifying 
power is also of eonaiderable consequence, as explained in a 
I- former section. Therefore, every good microscope ehonld be 
provided with at least one eye-pieoe of eonaiderable power. It 
often happens that with tUe objectives and eye-piecea at hand, 
the amplification, as it in called, or, in other worda, the extent to 
which the object is magnified, ia not anfiiciently great to enable 
I'.s to mate out its stjructnre, while the objective has not by 
imy meaJis reached the limit of its defining power. In this 
c.ise a high power eye-piece, which costs comparatively littki, 
will greallj extend onr power of anccessful esamination. 



ACCESSOBY APPARATUS. 
Every microscope should be accompanied with certain pieces 
of accessory apparatus, which are necessary for the convenient 
I arid tliorongh examination of objects, but 'wbiiiliiottfA VtJno. 
Jiasii oi the inatrument itself. Some ol ttiese aTft vcAcB4ft&,Vit , 





tiiQ ln'Uir illiiniiinitiuii of tlie ob* 
Jeet, and will lie desoribed in the 
section on "Liglit;"otliera Bre used 
for the procuring and pri?paration 
of olijects, uud wiU be desorilied in 
the Gpctjon devoted to tb»t snliject. 
The foilowing are employed chiefly 
for holding and presenting objects, 
rliat hftve not been "monnted:" 

Stage Forceps.— This little in- 
stniment acuompiinieB the oldest 
microscopes. It consists of a pair 
of vei'j delicate forceps, such as 
those attached to the forceps-car-, 
rier iu Fig, 27, which oloBe by the 
Hpring of tlieiaws,and hold any ob- 
ject that may be placed in their 
gnisp. They are opened by pressing 
on the pins which are seen at the 
Bides. They are in general fastened 
to tiie microscope Iiy being stuck 
into a hole in the stage, and the 
objDotiuay not only he moved liack- 
ward and forward, but it can be 
turned round. The better class of 
forceps carry a small brasa tuhe 
(shown in Fig. 27) which is filled 
with cork, and wbich t 
ceive pins, etc. , for holding insects^ 
and other objects. 

Foi ceps-Carrier. —However | 

well made the forceps may be, it is 
almost impossible to slide, with sat' 1 
ficicnt delicacy, the rod through thSil 
tube that holds it Conai quentiyt f 
it ia CTLce*AvQ^T SiS&i\i\^ -to brin^ 

into ttve ft-iVi o^ Vie"« .'^«' «»eX-^ 

oi ibu oVirrt, V.'^A ^i 
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anufae. To avoid this difficulty, the author, instead of insert- 
g the pin of the forceps in the stage, provides a special tor-, 
ceps-oarrier like that shown in Fig 27. This consists simplf of 
ametal plate, the si^te of an ordinnry alide, and having a hole in 
one end to receive the pin oE the forcfpa. A large hole is 
pierced throngh the centre, to allow the passage of light from 
the mirror when that ia needed. Tliis plate is placed on the 
stage Uke a common shde, and it can be moved with as great 
delicacy ae aoj ordinary object. The mode of nsing it is too 
obvious to require further explanation. We have found it ex- 
ceedingiy convenient. 

Ob Sect- Holder. —The importance of being able to present 
an object to the light in all directions is well-known to every 
microscopist. Many years ago we devised an object-bolder for 
effecting this, the construction of which is very simple and ii 
expensive. It consists of a slip of metal, the size of an o' 
dinaiy slide — tluee inches by one — having a hole in the centre 
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and a short pillar rising from one end, as shown in the 
graving, Pig. 28, which gives a sectioDal elevation of the 
instniment. Through this pillar rans a wire, carrying at o 
end a milled head by which it may bo turned, and at the other 
a ring which holds a perforated block. This perforated block 
has a, milled collar od the lower end, so that it can be readily 
turned in the ring that carries it. The hole passing through 
the block is jutst the nize of a stout pin, so that a disk of card 
ir leather, with a pin through it, will be held steadily when 
the pin is inserted in the hole. The object to be examined is 
attached to the surface of the card, by means of balsam or i 

ge, and it is obvious that by the combined rotations that 
may be produced by the two milled lieada meYit\QiiejL,\\.-m»;^ 
be exposed to tbe action of the light in aaj isKKeA-Tfissstfa. 
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t great advantage to be able to turn tbe object rotind. The sim- ^H 

pie contrivance just described enables ub to do this perfectly. ^H 

A more perfect arrangement, intended tor the same purpose, ^H 

has been deviaed bj Mr. Beck, of Loudon. Mr. Beck's is, ^H 

however, more expensive than ours. '^H 

Plain SlideB.— The common plain slides serve very well ^H 

tor eiamining ordinary depoaits in liqnida. This is particn- ^^ 
larly the caae where inanimate objeota, vegetables and minerals 
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The changes which are produced in some objects v 
light is made to fall on then in different directions a 
marked. Thus, tor example, the mineral knt 
iron ore, when illuminated b; light tailing on it in one direc- 
tion, is brilliant in the extreme, while when the light falls in 
other directions it is dead and lustreless. Aad as it is not 
always convenient to change the position of the lamp,iit is a 
great advantage to be able to turn tbe object ronnd. The sim- 
ple contrivance just described enables ne to do this perfectly. 

e perfect arrangement, intended tor the same purpose, 
has been devised by Mr. Beck, of London. Mr. Beck's is, 
however, more expensive than ours. 

Plain Slides.— The common plain slides serve very well 
tor examining ordinary deposits in liquids. This is particn- 
larly the caae where inanimate objeota, vegetables and minerals 
are to be examined. Active animals require some contrivance 
for keeping them stilL 

The ConcaTe Slide, as it is called, is simply a thick 
elide with a cup-like hollow ground in the centre. Such slides 
are cheap, and very convenient. A drop of water placed in one 
□f these concaves, and covered with a thin glass, may be exam- 
ined easily and thoroughly with moderate power. It is 
sometimes desirable to employ a cell with a perfectly flat bot- 
tom of very thin glass. Such cells may be easily and conve- 
niently made out of a slide of metal, or preferably of vulcanite, 
throngh which a hole the size of the proposed cell has been 
pierced. A piece of thin glass may then be cemented to the 
nuder side of tbe slide, so as to frinn a water-tight cnp. The 
hole in our slides is round, and has, on tbe under side, a seat 
or rebate, a little larger than the hole iteelt. In this rebate a 
round glass cover fita, so as to leave tbe under side of the slide 
perfectly smooth. Such cells are very convenient, as they are 
easUy cleaned, and are not difficult to repair when the thin 
glaaa gets broken. The liquid is also easily covered by means 
of a thin ^lass cover, and when full, considerable inclination 
may be given to the slide before the liquid shows a tendency to 
ran out. Yiirions otiier devices ol a simple kind may be oon- 
tiived hy the microscopist lot similM; ^npoftea. 
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Watch-GlasseB.— Dr, Beale reoomniends Small flat watoli- 
glaaseB for lioldiag liquids tlint ore to be eiamiDed, and we 
have found tliem verj exuellent. The beat kind for this pax- 
pose are those known aa I'ineile gl'isnes, which are nearly flat on 
the bottom. They are awkward thiogs to maDipiilate, liow- 
eTer, nnleas some means is provided foi" holding them steady, 
and moving them aliont on the stage. We use for this purpose 
a strip of wood, three inches long, and so vide that we cun 
I easily bore in it a hole, about one-eighth of an inch less in 

diameter than the watch-glass, of which the.smalleet size should 
be chosen. The thickness of the atrip should be sach that 
when laid on an; flitt surface, the watch-glass will not come in 
contact with it. Glasses held in this way are very convenient. 

^H Watoh-glaasea are very convenient for examining a " dip " from 

^r a pond or stream, bat for tbia purpose they require a holder. 

The little instrument shown in the cut is formed of three pieces 

of bright tin, wliich are hinged together. In the upper piece 

. i» eat a holejnst large enorgh to recei'se e. ■wsAxAi-^iBaa, ^"ci\\^ 
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of metal of proper height Gurrounrla this hole, and forme A 
perfect protootion to the gla^ii when the inslrumput is carried 
in the pocket. The lower slip ot tin may be adjusted to any 
angle, and by turning towards the proper direction, the light 
of any bright cloud may be reflected up through the liquid. 
All the jointa ore made stiff enough to remain in position when 
once adjusted. A watch-glass arranged in this maniiOT holds a. 
liberal supply ot liquid, so that an entire "dip" may be 
readily examined at once. We have found this little contrivance 
far superior to more expensive arrangemente. It packs into 
small compass, and is safely carried. 

Animalciitc Cage.— This forms a very excellent means 
for holding animalcules that are too active to allow of observa- 
tion on slides, or in watch- glnssea. A good idea of its con- 
stniction may be ob- 
tained from the en- 
graving, where it will 
be seen to consist of a 
plate of metal, three 
by one inches, to the 
Rg, 30.— AFraAiiTOLB rioR, centre of which is 

fixed a short tube. In 
the upper end of this tube is fastened a beveled piece of glass, 
and a second tabe fits over the first, and has a thin glass coyer 
secured in its tipper end. The animalcule is securely held 
between the two pieces of glass, and the lower glass being 
beveled an the edge, a drop of liquid placed on it is held be- 
tween the two glasses by capillary attraction, and cannot spread 
over the inside of the cage, This point is generally neglected 
in the cheaper forms of the cage, in which the lower glass 
is simply a plain disc burnished into the upper end ot the 
tube. The conaequenoe is that when the two glasses are 
brought together the liquid flows over the entire inside of the 
cage, and the objects are liable to be floated out and lost. As 
it is important that the distance of the two glasses from each 
other should be easily and accurately regulated, the outer tube 
should be slit, so as to make it springy. In this way it may bo J 
with a soft and equiAAB mo\A(j'o. 
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^B The Zoopliyte Trough. 

^H is almost indispensable to those 
^M and development of tLe larger 
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—Tbie little piece of apparatus 
wlio desire to watch thegrowtli 
animalcnleB and small aquatic 
plants. Bevcrul forma are in 
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plete heiug that shown ii 
31. The troQgh itself is sim- 
ply a glass tank, to whi;;h is 
fl-tted a Blip of lliin plateglasH 
that acts as a division, and 
enables the obseirei to keep 
the olijects close np to the 
front plate. The diatanoe of 
tlie dividing plate from tho 
front plate is regulated bj an 
ivotj wedge, and the dividing 
plate is kept firmly np to its 2)laoe by means of a spring. This 
contrivance enablea ua to regulate the thiekuesa or width of the 
tank, so that the interior of tho veaeel may be made so large 
that it can be easily cleaned. 

A smailer and rimpler form of the Zoophyte trough 
is ahown in Fig. 32. It consists of a simple glass box, 
open at the top. The back 
of the box is formed of a 
stontish piece of plate glass, 
to which is cemented three 
glasa strips, forming the 
bottom and ends. The front 
is formed of glasa as tbiu as 
is compatible with durabil- 
ity, and is also cemented to 
the end pieces. Tlie width 
of the trough from front to 
back is generally from an eighth to a quarter of aniach. When 
the trough is filled nith water, and living animals are placed in 
it, their changes and movementa may be very readily watched. 
Small troughs, sach ng that jast described, are not diffionlt 
to make, though the very low price at which thej are sold (60 
oento to &1. 00} renders it scarcely wottU tfaa ■vAuia tA, mSkokc^ 
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mioroempists to caiutmct tliem foe UiemBelveB. Wliere this it I 
deatikLIo, liowe^-er, tlie best method of making them ia as 
follows : Select a pjetre of plate glass, of the thickness of an 
ordinary slide, And cut it about three inches by one and b. qnar- 
ter. Tben seleot another piece of glasa, as thick as the trough 
is to l>e deep (from front to back), and cut it to the size of the 
ontsido of the trough. Pram the bottom of tiiis piece of glass 
cat a strip a quarter of uu incU wide, and from the sides slso 
cut strips of the same width. The centre piece maj now be 
thrown aside, and the ends of the bottom strip will make s 
tight joint with the aide strips. The tliree stripa should then be 
cemented to the large plate, and over them should be cemented 
a piece of the tbiu glass used for covers. The strongest cement 
ia marine glue, but it ia somewhat difficult to use by those 
who hare had no eiperience. Prof. Starr, who ia well known 
for his success in keeping and exhibiting living mioroacopic ' 
objects, uses old Canada balsam, and we have seen a large 
variety of mieroacopic animals and vegetables which had been 
kept for months in a healthy condition in such trongbs at 
cages. 

Walmsler's Zoopbyte Trongb.— A serious objeotion 
to tbe troughs which we have just described is the difficulty of 
cleaning them, and of repairing them when broken. To avoid 
these difficulties, Mr. Walmsley has devised tlie little piece of 
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Fig. 33,— 2O0PSTTB TBOrOB. 

apparatoS shown in Fig. 33. This trough consists of two glas 
p]at<>s, which are separated by a aemi-ring of vulcanized india- 
rubber, against which they are squeezed so lirmly as to be i 
Wftf«i1iight, by means of two vulcanite platoa, hekl together by ' 
screws with milled nuts. The front plate may be made of ^ 
tliioi or tbin glass, as desireA, ■«V\\e *X\e Ae^^V < 



loyed may be regulated by the thickness or mimber of semi- 
Vlings o£ rubber placed Iwtween the gliisB ptnlos. 

Bj means of the three screws with milled nuts, the troQgh 
lay be taken to pieces in a few seconds, and as easily put to- 
Iq this way it is easy to clean the inside of the gloss 
J-^tes, to replace broken ones, etc., etc. 

The Weber Slide.— This ingenious device consists of a 
common elide, rather (liickev than iisunl, m the centre of which 
an annular groove has been ground, as shown id Fig. 34. The 
ceiitm! part of the cell is left neaily the full original height of 
the giaas— just enough being taken off to allow of a thin layer 
of liquid between it and tlie cover-glass. Any liijuid contain- 
ing minute forma of animal or vegetable life having been laid 
on the top of the centi'al elevation will lie held there by capil- 
lary attraction as soon as the cover is laid on and if tl c. latter 
be cemented round tho edge an air tight aquarium on a 
minute scale it formed in which if the proper halanee of 
animal and %egetable lifo is piesent the objecte may be kept in 
good condition foi a long time We have kept one of these 
sbdes for weeks with desmids diatoms and minute loriua of 

rl bfe all m good condition The ptoper cement for at- 
g the cover to these slides is beeswax softened with oil. 
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The Weber slide is a very handy and convenient piece of np- 
paratus, but it is difficult to obtain. We have, therefore, nseil 
the following form, which anyone can make for himself. 

^Tlle Cell Trongli.-Tho sirapioat trough in -which living 
objects may be kept for some time, is constructed out of an 
tnrdiaary cell and thin cover, 06 shown in Fig. 35. If wa 
have a liquid containing some very iiiinutB objects which we 
wish to keep for some time in a condition suitable for esamina^ 
tion, we plane B drop on the centre ot a tUin co■^eT-^»»4,"^^i^'5li■ 
maet bo bager than the cell A very ama\A potct w &«& -^aco*. 
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orct the liijnid. for the piirjiose ot formiiig a layer of equal 
(leptli tlironglioat, and if there sliould be any danger of cniBli-1 
ing tlie objects, a few fibres of hair, silk, cotton, etc., will keep 7 
tliB two thin gloMes siifficiently apart. The edge of the cell 
having beou lightly smeared with a soft mixture of beeswax and 



ilg, 35. — CBLL-THOUGH. 

nil. and the interior comer Laving been moistened with pniw J 
water by means ot a camel-hair pencil, the inverted cell i 
jJnced on the large cover, which at ooce adheres, and thus the I 
cell is converted into a veritable Wardian case. Owing to tha I 
moist atmosphere, there is no danger of the liquid under e; 
ination drying u]i, aud as the apparatus is very cheap, several' 1 
may be lilted up and used for watching the life histoiy of any 1 
particular sabject. 

The Compressorimn.— The animalcule cage, shown in 
Figure 30 is open to the objection that it is difficult to 
adjust the pressure with sufficient delicacy, and we are apt 
eitjiet to crush the animal or leave it too free in its movement. 
These difficulties may be avoided by the use of a well-made 
Cainpressorium, of which there are several kinds in nse. 

This little instrument also serves another important purpose. 
In the esamination of certain objects, it is frequently necessary 
to flatten, and even to crush them, in order to render their 
structure visible, and this the compressorium enables ns to ac- 
complish. The most powerful instrument ot this kind consisla 
of a metal plate, in the centre ot which is fised the disc of glasa 
upon which the object is laid. A second disc of glass, fastened 
in a ring which ie hung at the end of a lever, by means ot two 
pivots, is pressed against the first by means of a screw, which 
tilts the level'. In this way a very strong pressure may l>e 
exerted, while, owing to the fi-ee movement of the ring on the 
pivots, the plates of glass always i-emain parallel to each other. 

Where very great pressure is not required, a different foim 
of the instrament may he iiaed. loBtesA ol \»itL^feTQ6d down 
bv m ncrew and laver, the uppev gl»6 &*(.« W«i™i.\*> Vftia^ 
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plate of metal, which may be raised by a eurew, but wiian tLe 
screw is ivithJj-aivii the "spring" of tie plate oames it down 
and gives the preesure. 

A compressorium, ia which tha-preBanre b oaneed by the 
weight of the upper plate, ia shown in Fig. 36, Tliore are two 
platesofmotal, each with a hole in Ihe centre, to receive the glass 
ilisCH. At one end the npper plate has two pins, which fit inlo 
two holes in the lower plate, and serve to prevent all Bide 
movementfl. A screw paasea through the otiier end of the 
upper plate, and serves to separate the two. A drop of water 
containing an animalcule having been placed on the thia gksa 
attached to the lower plate, the uppor pinto, with the screw 
projeetmg sufficiently from the under aide, ia laid on it. Theu 
by taming the screw, we can bring the two plates together to 
liny required degree ot nearness, and with the utmost dehency. 




•Any minnte animal may thus be firmly grasped, witliout crush- 
Ting it, while the oompressing power exerted by the mere weight 
Fef the metal plate is in almost all cases sufficient, even for the 
ftoomplete flattening out ot small worms, etc. Even such crea- 
ptureBae the larva of the common gnat or mo^^nito maybe 
oompletelycmshed by the weight of a plate less than the eighth 
of an inch thick; tind, where greater force is required, it is of 
oouree easy to apply the pressure of the finger. In the latter 
case, no danger of exerting too great a pressure need be in- 
curred, as the projecting screw prevents all that. The want of 
parallelism between the plates does not prove a serious objec- 
tion, as it is so very alight that it is hardly perceptible in the 
short distances ordinarily under observation. Where, how- 
ever, it is desirable to avoid thia defect, serewa may be substi- 
tuted for the pias, and the points mttj \)6 laoAe W'^ci^Na 
holm bored bait through the lower plate. 



Wlii-re nnimnlcnle cages nro mit accrssiUp, n etnull auimi'l 
ta»,y lie IifU Iictwcen a rommon elide niiil a tliia cover. To 
prevent cnisliiiig it, a hair or even a thread may lie placed be- 
tween the cover aod the glass. A Genuan aatLor recommenda 
tlie use of Due gimze or netting, in tlie meslics of nliioh an 
onimulc'ile may l)e Leld very conveniently. Actiug on this 
idea, wo took a Uiin mdnl plate, and bored it fnll of holes ot 
vuioiis sizes. An ocimaloule placed in one of these holes may 
bo knpt in the field of view for any length of time, and exhibited 
to those wlio desire to see it, but it cannot be kept quiet ' 
scieiitifia examination. We like & piece of fine wire-gat: 
better than cotton or Hnon netting. 

Crovring Slides —Where it is desirable to keep the m 
living object for a considerable time, so as to watch its changea, 
it is necessary to use what is called a growing slide, by which if 
may be regularly auppHed withairaud moisture. Alargenum- 
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ber of complicated deTices have been describe4 for thia pur- 
pose, but the following simple contrivance answers the end 
very well; we have used it for years. To one end of a common 
slide witli a concave centre, cement a small bottle, as shown in 
the figure. This is easily done by means of a little marine 
glue. The glue, cut in small iiieces, should be laid on 
the slide at the point where the bottle is to be atta«hedji 
the slide is then to he gradimlly heated until the glue iK>| 
softened, when the bottle ia l;iid on and moved back andl'fl 
forth until it baa been thoroughly imbedded in the oemenfcf 
The bottle is filled v,-ith watet uud corked, the upper i 
of Uie cork Jraving two notckea cq'i \n.\\., ov.6 lot 'Sm!, e 
trojiCB ot «ir, nnd the otbei lot tt^c tMaftsio o\ *.\o<«« <««w« 
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jarcad. Tim object is placed in the concavity, covered wtli !i 

e of thiu glu^s, and the end of the thread is carried iiuder 

trbymeansof & small notch cut in the slide with a 

The bottle most befiUed with very pure water, otherwise 

the salts, etc., contained in it, become concentrated under the 

:, owing to the evaporation, and destroy the object. 

Frog Plate.— ^The circulation of the blood in the capillaries 
a>l living animals may be observed in the web of the frog's foot, 
nhe tail of a small lishoc water-lizard, thelarrieof many insects, 
T of a young mouse and the wing of the bat. The tongue 
( the frog is also a favorite subject with some, and dissections 
if the living animal have also beeo made, and the circulation ob- 
tred in the parts thus displayed. Escept, however, for im- 
portant investigations, we have no right thus to inflict torture 
and destroy life, and, moreover, the obvious cruelty of the 
means employed, will to most minds destroy nearly all the pleoB- 
Lnre arising from the beauty of the exhibition. Fortunately the 
^tmrciilation of tiie blood in the foot of the frog may be witnessed 
^Brithout subjecting the animal to any pain. For this purpose 
^Huie web of the hind foot is spread out over a piece of glans, 
Tfhich ia held in a frog-plnie, aa it is called, to which the littlu 
animal is attached. Tlie fi'og-platea usually sold, however, do 
not lie conveniently on the stage of a email microscope; tliey 
are apt to tip np, and there is no means of attaching them 
firmly to the stage, so that it is impossible to incline the mi- 
croscope. The annexed engravings represent a frog-plate, in 
which these difficulties are avoided. As seen in the figure, it is 
of the usual form, aud has a large opening, into which ia 
burnished a piece of tbiunish plate glass upon which the web 
of the foot is laid. Ai'iMiud this opening is bored a number of 
smaU ho!es, through whicli threads, tied to the frog's toes,- are 
passed and held iiimly by small wooden pins. A series of holes 
are also bored on each side and out out at the edge, so that it is 
unDeoeESary to pass the twine through the holes, as it may be 

Ije&dily slipped into them. The frog may be enclosed in a bag, 
Doe foot being left out, but a. simpler and better plan is to 
iwattehiminsstri/iof imialin tnoiDcboB wiia aai ei'^'i. Vi 
^ro ioobt^ long. The niuslin ia CUp^eim^o.^-eTiW^^'^y* -I 
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frog ToQed up in it and laid on the plate, where he ia held by a 
tew tarns of light packing twine pn«sed into the slits in the side 
of the plate and carried tri'iu one to the othi'r and over the 
aninifd. Buiiill froga are best for this purpose, but when too 
small they ace not easily bandied. The poaitiou of the atiimnil 
on the plute is so arranged that the foot may be apreud over the 
glass plate that filla the large opening. 

The plate is attached to the stage as followa; A cvlindrical 

braaa block (Fig. 40)iBproyided — thia block having a milled belt, 

irhich renders it more easily tnrued. The upper surface of 

this block receives a screw which passes 

# through a slot of considerable length, cut in 
the frog plate, thus allowing a wide range of 
motion on the part of the latter; the under 
surface of the block receives a second screw, 
which serves to secure it fa the stuge of the 
microscope, as shown in Fig. 39. The holes 
for these screws are not in the same line, 
their axes being about a quarter of an inch 
Fig. 4(1. apart, and the consequence is that when the 

brass block is rotated on the sbigc, the screw 
that pasees through the plate acta like a crank in relation to 
the plate, and moves it longitudinally, provided it (theplate) is 
Irept from rotating with the block. The upper Hcrew is inserted 
'with snScient tightness to keep the plate from shaking, but is 
left so loose that the plate ciiu be reatiUy movi'd back and forth. 
Hence, while the plate ja attiiched to the stage in such a way 
thfttitcanDottipnpor fallofl", it may readily be moved in two 
directions, one the ore of a comparatively large circle, and the 
other a longitudinal motion at right angles to this. 

This frog plate forma in fact a sort of mechauical stage which 
admits of very dehcate movements being very steadily made. 
Where this plute is used, the microscope may be inclined to 
any angle, and no jerking or atarting of the animal can displace 
the portion of the foot that is under observation. Different 
parts of the aamc foot and different corresponding parts of dif- 
fitrent feet are more or less suited to parposoa ol observatioD, 
according aa thej are more or Icaa tr!ms\iMeiit wii. iiiava 
tirJeff3 fy!l^ Bupplied with yeseels, It is VVeteloxe ol ^e».\*a.- 
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itfige to be aV'lo to select tbat part wliicli answers onr pni^ 
-\ moat perfectly, uid tbia plate affords peculiar faoilitiee for 
"— this. 



Table.— The table used for Hupportmg the microBoope 
ahmild be firm and snbetantial, so tliat all shake and vibratioa 
maj be avoided. Those who nse very high powers, and desire 
to avoid vibration as much us possible, will find that a barrel ow 
box, filled with s&ud, and testing on three feet, makes the best 
support Some years ago, haviug somo rather delieate iuvesti- 
gatioQs to make, we cosstructed a table in this way, and found 
the reKiilta very gratifyiDg. Our table was arranged ae follows: 
a oommoD barrel, cut down a little, and filled with sand, was 
supported on three stout blocks nailed to the bottom. The 
table proper waa made of plank, nearly square, and it entirelj^ 
wveied the top of the liarrel. It was supported by a -f slw] 
piece of wood, which was fastened to the centre of the tat 
luiil descended into the aand. With such a talile, walking 
the floor, and the passage of heavy teams in the street, prodooe 
no vibration, though, on an ordinary table, they render work 
with high powers almost impossible. 

Where several persons wish to look tlirougii the same mic 
scope, it is very awkward if each one has to got up and gt 
the instriinient. At the same time it is of course intpossiblf 
move the microacope withoat moving the arrangement for ilia'' 
mination also. Tliis difHoulty 1ms been avoided bymeansof 
revolving tables, around which the observers sit, each one in 
turn examining the object, as the microscope is passed round to 
him. This is a very excellent, but a somewhat expensive ar- 
rangement. The same end may be attained by placing the 
croscope, lamp, etc,, oa a smooth board of suitable size ajidl 
shape, and passing this board to each observer in turn. The, 
board, carrying microscope, lamp, et<;., may be made to 
quite easily, and if placed on three feet, it is tolerably steadyv 
Buch a support, however, is not to be chosen where ttie aucro^i 
scope is nsed lor scientific investigatioM. 
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OF THffi MicBoacorE. liS 

Double No^e-Plece.— This is one of tlie most naefnl 
accessories that the microscopiat oan possess. The I'Gsiilt to bo 
obtained, and the method of aocamplishing it are obvious. The 
nose-piece scruwB on to the 
noae, or lower endof thebody 
of the microseupe, and ia 
fitted to receive two objeo- 
tires of different powers, 
eitber one of which maj be 
brought into action by simplj 
turniug the nose-pieoe. In 
tbis waj a low power may be used for finding objects and ex- 
amining them as a whole, while the details may, tritboat 
trouble, be subjected to an _ 

object-glass of much lugher 
power. Two forms of tha 
nose-piece are in use. The 
older form is straight, as in 
Fig, 41; the later form ia 
bent, aa in Fig. 12, The lat- 
ter form is altogether the most 
convenient. Nose-pieces ca- 
pable of receiviEg three or 
lour objectives have been con- 
structed, and a, very old mi- 
croscope, at one time in our 
possession, hsd a noae-pieoe 
with eight objectives] The 
modem noee- piece, bo ar- 
ranged OS to be capable of 
carrying the best objectivea, ia ^'S- i^'- 

the invention of Mr. Brookes, 



ILLUMINATION— 80UBCE8 OF LIGHT, 

Sun Iiight.— It is generally acknowledged that the best 
light for mioroHcopicitl purposes is that of the sun; not direet 
Bunlight, iiowerer, /or tljis is altogetliex Vw wAeasa, ■\)"i& ^"Wi. 
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light nllMted from b white wall, or a light fleecy clond. Son- 
tjglit U tomeUiiiig«hialivecnuDotcomman<l atwil], and, tLeie- 
(urf, the microscopiet can do uotLiag more than select the lu- 
estioQ of the room which he occupies. In general » room with 
m aoithem uptiot ia to be preferred; if there should bIbo be 
windows looking towards tiie east or west, eo mach the btltt^, 
tiruTJdeJ tlicj can be completely darkened wliou not in ase, aa 
croBB lights produce a bad effect. 

Artificial I^igbt.— While good daylight is the beet source 
of illiuuination, poor daylight is one of the worst, and wo have 
fr^tjueDtly, doriug Ihe day, obtained by the nee of lamps and 
randies, results whioU conld not possibly be secured by natural 
daylight At the present time, gas-light, lamp'light and can- 
dle light ar« the most araikble means of artificial illumination. 
Candles are rsjejy naed except wheu the miorosoopist ia travel- 
ing, or in a pecnliar situation, bat a good candle gives very fair 
reeolts, espefiatly if the flame be protected from cunenta 
of air, which may easily be done by extemporiziiig a 
shade out of a piece of g1n«a tube or small lamp chiic- 
ney. Wax, parafSne or aperm candles should be chosen, as 
tbej give a clear, white flame. Common tallow candles give a 
dull yellow flume of inferior quality. Gas-light, aa obtained 
from the ordinary, flat, unprotected burner, is not sufficiently 
Bt«ady; it flickersand changes, and for microscopy this is the 
worst fault that aa artificial light can have. Where gas is em- 
ployed it is, therefore, necessary to use an argaud burner, with 
a glass chimney. Light obtained in this way is in general 
very eicellenL But the moat convenient, aa well as the best 
means of illumination, is a good lamp, of which the ordinary 
student's lamp is, on the whole, perhaps the beat kind. It 
gives a pnre, steady and intense light; it is easily regulated, 
both as regards brigbtuesB, and also position, and conse- 
quently direction, and it may easily be procured almost any- 
where. In default of a good student's lamp, any of the ordi- 
nary lamps with circular, or flut wicks, may be made to answer. 
Where a large qnantity of light is required, as in tlie illiimiua> 
lion 'it large opaque 'ilij'Cta, the circular, hollow wick, from 
(Jie BUPerior bricbtuesa vm'X ■w\at«iifteft ia\ V.WU^'a^., i& tilwajs Ig 
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e preferred. But where s, emnll light uf great intensify id 
needed, Uie common flut wick, turned edgewise to the mirror, 
aiiawera very weil. It is a. curious fact that flame is transparent 
to light, and, therefore, the greater tlie dopth of flame, tLe 
more iutenee is the light. Tbia is easily tested by looking at 
the flame of a common hand lamp sidtswise and edgewise. In 
the latter case the eye receives the light from the entire flame 
ooncentratcd to a mere band. 

Several Tarieties of lamps have been devised specially for the 
isa of microseopiais, and Home o( them are very excellent, 
the most perfect being thnt devised by Dr. Drysdale and Eev. 
W. H, Dollinger, and dcBcribed in the Monlhly MicroKcopicol 
Joariud for April. 1876. 

s hardly neceBSury to say that fill kinds of oil have been 
displaced by the mineral oils ordinarily culled kerosene. 

Very intense light, anch as that from burning magnesium, 

the calcium light, the Bu Je light and others. Lave been tried, 

but without material advantage. Many years ago, n*u amujged 

o kerosene lamp, so that the air surrounding the flune 

oonld be enriched with ii supply of pure oiygen when neces- 

- Bory. Dr. Beale describes the same thing in his work, but does 

aem to regard it us of any advantage. When used as a 

eof direct light, however, wo focind that it more nearly 

L tesembled sunhght than any other artificial source of illumin&- 

A large diaphragm or shade, with an apertnie of mod- 

' erate size, was placed eluse to the light, which was placed at 

some distance from the microscope, and tlie rays passed di- 

recUy through the object, not being reflecled from a mirror. 

The results in some oases were well worth the trouble incurred. 

L It is probable that in some cases very eseellont resnlts could be 

•.obtained from the electric light if properly arranged. This, 

Hiowevei, is a department of microscopy which is certainly not 

anited to beginners, and wo, therefore, dismiss it, 

The tays of light, from whatever source obtained, are either . 
parallel, amver^eiU or divergent; and in tlae illumination ot 
tram^arent objects the character of the light, as depending 
npon these features, is ot marked importance. This aubject, 
imd the action of lenses and mirrors in changing the rel&tive 
^reetiQji of tho ny-s, sijonlil be cateUiftj 8\.\ii\eii. "^n-^ "Qi^ *».- 
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dent, who will flad it fully diseuBaed in any work c 
TUe geueral principleB maj be beat expluiiied hy a, fi 
mental illustrutiuns. 

Take b, piece of cardboard about gii iucliPS square, and ii 
puuch aholeobouthftlf ttttioohin diameter. If tliia card be 
littld ia front of a wall npon whiab the buu ie Bliining strongly, 
we will sen llie Bhadow of tlie card and a roiuid fipot of light 
exactly tlie hize of the hole. If the card be now moved away 
from the wall, the shadow and the bright spot will GtiU remain 
of thn game eize, showing clearly that the rays proceeding from 
the sun are sensibly parallel. The same holds true of a bright 
cloud or a white wall placed at ti great distance; but wheu the 
wall or other reflecting object is very near, the raya no longer 
poesoM tliia character to the same extent. 

IE in the flrst experiment the wall be illaminated by a candle 
instead of by the sun, it will be found that aa the ourdia moved 
from the wall the shadow and the spot become larger, showing 
that the rays are divergnrit instead of parallel. The same effect 
ia produced by fixing both the lamp imd tLe card on a stand 
and moving them away from tl:e wall. 

Convergent rays, that is rays that t«nd to meet at a point, 
can be obtained ouly by passing parallel or divergent rays 
through a lens, or re&ectisg them from a concave mirror. By 
carefully arranging a hirge convex lens in the path of rays that 
are divergent, it id easy to render tUem parallel. They are 
known to be parallel when the bright spot which they make on 
ft fixed Enrfoue, after passing through a hole, is not varied in 
size by changing the position of the hole. 

The v.iriations which are produced in the appearanoea of 
objects when they are viewed by light posaeasing these different 
charauteiistics can only be learned by practice, and the yonng 
mioroscopist should experiment in every conceivable way. 

Whatever be the source of light employed, most objects may 
bo viewed by means of any one of several very different 
methods. Thus, an object, if transparent, may ba viewed by 
transmitted light, that is, by light reflected from the mirror, and 
passing through the object. It opaque, it may be viewed by r'- 
fisded^ght, in which c*seth« light that passes to the eye through 
the jm&^oaoope is ccHecteU Uuu tt^ «urju':^. 
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ILLUMINATION OF OPAQUE OBJECTS. 

DilTu^ed Light. -Tliia term ia ap]iiii:d tu ordinary dfty- 
ligUt or lump-ligUt, allowed to fidl ou the object witliont the 
intervention o[ Any special means of coucentrntion. That dif- 
^^ /used light may be available ioi the illumiaation of objects, it 
^Lja ueceBsary that the objeatives be good. Obj.ctB which, mth 
^Bprdiaary triplets of low nngiOar aperture, are entirely itiviaiblo, 
^Bbeoome beantiFuUy distinct when a better doss of olijei-tiveB in 
^Bneed. Under favorable circtimatancps the view obtained in this 
^B way of any well niarted object ia very pleasant. 

■ B 



Bulls-Kye Condenser. 

atively abort focos, wliicli ia mm 
object in the aame way tbat the 
vitb effects greatly lesa marked. 
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hirge lens of compiii- 

tl en Be the light on tlie 

burning- glass actn, b^it 

the light is so mach less 



m the condensing lens is attached to the 
le special cases thia ia very convenient. 
I but where there is only one condenser, it should be mounted on 
& stand, a^ shown in Fig. 43, bo that it may be 
placed at Btiy height and turned in nay direc- 
tion. Placed bL'tween the object and the 
lamp, it collects the rays of the latter to a 
focus which brightly illuminates any object 
iipon which it may fall. Opaque objects, 
which by diffused light are barely visible 
under the microscope, become very diatinot 
and clearly deflued when thus illuminated, 
and many of them, such as the wiugs of in- 
sects and certain minerals, appear in the most 
gorgeous colors, which, however, are perfectly 
natiir.i), and are not the rcHuH of chromatio 
defects in the lenses. 

lu viewiug nn opaque object by reSected 

light, it is evident that ive are enabled to 

judge of the irregularities of the surface 

largely by means ol Oie B\iuAo-wft tBs*. Nvj 'Ot«i 

^niBJDg or lowering ftie\Kia5,Mii^M>'i«»«»'^- 
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denser, the direciion and extent of these nhadowa maj lie great'; 
varied. Hence ooe of the adTnutages of the students' lamp. 

Ad important use o( the coudeaemg less is to change the 
direction or ohtimotei of the raja emplojed. Thiia, 'vtheu a 
lamp ia in nse the rnja are divergent, and the easiest waj to 
render tbem parallel ie to pass them through a condeDsing lens. 
To eflect this the distance of the lens from the lamp must 1)e 
exactly tlie aama as that at which it brings parallel rays to a 
foans. In other worda, the lens mnst be at a, distance from the 
lamp vhicli isexaetly equid to itafoonldiHtouoe for parallel tays. 

Gundcufcing lenses are made of all bjkch, and aome of them 
are quite expensive, but we have frequently obtained wonder^ 
fully fine resnlts by means of a cheap lena of small size, bnt 
good form. A condensing lens is, perhaps, the most important 
accessory that can accompany a miorosoGpe. 

Side Reflector.— This ia a email aikered 
which is tised to throw the light on the object for the same ] 
pose aa the condensing lena. The rsaults which it givea 
slightly different, and it ia a moat valuable means of illumina- 
tion. It has not been ao generally introduced as il deaervea to 
be, and few micrascax>es are furnished with it unless to special 
order. It should always be used in combination with a bulls-eye 
condenser, as light of much greater intensity is thus obtained. 

The Liieberkulio.— This was one of the first instrnmenla 
nsed for illuminating opaque objects. It consists of a small, 
concave, spherical mirror, through the centre of which the ob- 
jeotive passes, the focus of tlie mirror and objective ooinoiding. 
The object must be small, and is generally mounted on a small 
oirciilur disc of leather or ciird, which stops out the central 
rays, while the light which passes round it strikes against the 
concave mirror, and is reflected back again npon the object ^ 

The Lieberkuhn gives very brilliant effects with many ob- J 
jecta, and if well managed it enables us to obtain very satisfac^ 
tory views, especially with powers which are too high to admit 
the use of the aide reflector, the pai-abola, or the bulla-eye. 
Tlie great objection, liowevei:, ia ftis ticV 'C&'*lt "Otta \i%lit (alls 
fbaodt vertically, thua ob\i\«iB.tiii5 o.\\ ■Ooe ■iiia&.o-s's -^r*- 
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Huoed bj elevfltiona on tlie object. For "show" objects the 
ieberknhn is unequftlleJ in its effects, and there is no cloiibt 
Q certain investigations it luaj be niftde to (lo good ser- 



^ The Parabolic Reflector. -Tli is accessory was first 
lade by Messrs. Beck for Mr. Sorby, who employed it to es- 
tticroscopicttl atnicture of iron and steeL Ab ordin- 
oly constmcted, it consists of a parabolic mirror attached to 
« end of a rod famished with universal joints, so that it may 
» placed in any position as regards the object and the illiimin- 
ition. It answers admirably for condensing the hght on the 
surface of objects, and by throw- 
ing the rays in any particnlai di- 
rection at^rosa the surface, the 
observer is enabled, by means of 
the shadows, to determine the 
nature o( irregularities upon some 
objects in a very satisfactory man- 
uer. In this it resembles the or- 
dinary aide reflector, which, how- 
ever, is formed to a spherical in- 
stead of a parabolio cnrve. Inke 
the side I'efleotor, this illuminator 
should alwaya be made to receive 
pnnillel rays, and condense them 
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upon the object. To obtain par- 
allel rays, place the lamp ' 
focns of the bulls-eye condenser. 



the 



I side and the parabolic reflectors cannot be used with ob- 
Bctires which Lave a short working distance, since the rays 
rom the lamp must reach the reflector from the opposite side 
6 objective. 

1 many stands have no conveniences for attaching this 

essory, eome opticians tumiah it with an adaptor, whereby 

y be fastened between the objective and the nose-piece. 

a contrivance, however, must have originated in a want of 

6ge of the principles which eoiitro\fti\9 toe'iKvAQl '&i>.\&.- 

It is Bvident that the otyecl B\iciiai(!L«X.viK3ft >» "w^ '^'**> 




focna of tbe reflector; if. iu adjusting the focus of the objective, 
we move tbe reflector, we muHt, of ooorae, destroy the proper 
relation of the latter to tlie object. 

ObjectlTes vrith Tapered Fronts.— When the objec- 
tire has a very broad front and a short working distance, ns is 
tlie Cftae with most objectives of high angles, it ia impossible 
to illuminate the object satisfactorily with the bulls-eye con- 
ilenser. To avoid this difficulty, Beveral makers, notably Mr, 
Swift, of London, have narrowed the bi'ass work of their fi-onts 
to the last limit, so as not to interfere with the iUnminatioii of 
opaque objects. Mr, ToUea has, liowever, gone a step further, 
and has allowed tbe glass of his front lenses to project beyond 
tbe brass work, eo tliat the bnll's-eye may be used with com- 
paratively high powers. We liave a oae-quarter constructed on 
tliis principle, which allows of the clearest illumination, and 
ehotCB the P. oTigitlatuiii as an opaque object so well that the 
markings are sliarp and well defined. These lenses are mode- _ 
rate in prioe, very easily used, and give very satisfactory J 
reenlts. H 

Smith's Vertical Illiimiiiator.— This admirable de- 
vice is due to Prof. Hamilton L. Smith, of Hobart College, Ge- 
neva, K. Y., and is intended for use witli objectives of such high 
power, that the Lieberkubn, condensing lens, side reflMtor, 
etc., cannot be employed. Several different arrangements have 
been suggested. Tbe first was a small annular silver reflector, 
placed just above the back lenses of the objective, and forming 
iiu angle of 43° with the optie axis of the microscope. A hole 
iu the side of tbe brass mounting of the objective admitted the 
light, which was thus thrown down throngh the lenses on to 
the object, and back again to the eye. We have used Ruch an 
arrangement with most satisfactory results. For example, with 
a one-fourth inch objective, thus fitted, it is easy to view the 
P. angulotiim as an opaque object, and bring out its mai'kings. 
The illuminator, as thus constmcted, may be either a separate 
reflector which may be screwed into the nose-piece of any mi- 
croBcope, and which ia furaisUei at xteXo^er eai isisSi^kft 80- 
ly, into wbioli tba obiecYvNe\a\Y.aBiW>.,<«S!fsa*.i'>»fc 
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t port of the particular oLjective employed, and be 
Bpeeially adapted thereto. In our own experience, the beat 
I'esnlts iiave been obtained by the latter arrangemeiit 

Instead at the eilver reflector, Mr. K. Beck nses a thin glass 
jjlate (an ordinary cover-gliiHa), which is inserted into an adapter 
(Which fits between the nose-piece and tlie objective. The thin 
s supported by a small pin with a milled head, by -which 
it may be turned so as to present its sm'Iaco at the bcKt nngle 
■ r reflecting downward the light admitted through n atiitable 
bperture. 

All forms of the vertical illuminator give their best rcaalts 
p^Leu used with immersion objectives, as has bpen very fully 
1 by Mr. Geo. W. Morehouse, of WoylaiiJ, N. 1'., who 
I irith success objectives as high as the one-tenth. The 
UarkiugB on the most difflcult testa— even the 19th band of 
Robert's plate — are shown clearly and well by this arrange- 
In using the vertical illuminator, success will depend greatly 
upon the management of the illumination. The size of the 
aperture which admits the light to the reflector should be 
carefully regulated and diaphragmed down, if necessBry, and 
tlie rava should be rendered parallel br menns of the bulis-eve 
,. condenser. 

ToUes' Vertical Ulumiuator.— So far as wo have been 

nble to And, Prof. 5. L. Smith was the first to illuminate the 

ubject by light passed down through the objective, and the 

pifferent forma which have been introduced, siieU as Beci'a, 

JPowell & Lealand's, etc, are mere modiflcationa of his original 

Bjil&n. To Mr. ToUea, however, is due the invention of a modi- 

" aition which exhibits considerable originality. He inserts, 

■.above the front lens, a small prism, which ia ho conntrncted 

tthat the light paases in freely, and is then totally reflected 

SAownwards. In this way the rays jiasa down through ouly one 

a of the system, instead of through nil of them. Mr. W. A. 

gers has uaed this illuminator with very satisfactory reaulla 

the examination of flue rulings on metal, incident to his 

investigation of the comparative value of vaYioTW ati.'ada.vi 
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ILLUinXATZON OF TBANSPABENT OBJECTS. 

TIm diS««at BoetLoclB which have baeo devised for Tiewing 
ImMpanBl ol^eeta aie qnite as namercms as tiiose available for 
ofM^ne OBM. and reqaiie qvte as mach tact and stud;. A 
dttlfnl voider, vbo thorooghl; imderstandB the points essential 
to good, or rather to approprist« and efficient iUumiaatioQ, will 
attain results wonderlallv snperioi to those achieved bj persons 
igDuraut ot the subject, and this, too, altboagh the Utter maj 
be working with far superior instrnmenta. Thia is ttesa evei; 
■eMBon at our miRaeoopicsl exhibitions and conversaziones, and 
althongh the work done on these oocasions is chieflj for show, 
the same principle holds good in regard to work done in the 
direetioQ ot stadj and iDveetigatioD. 

Oirrct and Reflected I^ight.-When the microsoope 
is 6u armnged that the light f rum a lamp or other self-lnminona 
bodjr shall pus dirccttj through the o1>ject and iato the micro- 
eoope without being first reflected from the mirror, the illomin- 
atiuQ is eoid to be dirert, ia distinction from light wbioh has 
beea first reflected from a mirroir or other surface. Light from 
a clond or a white wall cnn scarcely be regarded BS direct 
Direct light gives results which are appreciablj different from 
those produced bj- reflected light, since light always suffers a 
change in character by reflection. These two hinds of illumin- 
ation may be eitlier axial or oblique, and Id the cose of both 
reflected and direct hght, if the source of light be very distant, 
the ruys will be sensibly parallel, but it the source ot Ught be 
very near, the rays will be divergent, and, consequently, nnder 
such circumstaacee, the illomination must in part be mora or 
less oblique. 

Axial or Ceutral Liglit.— When the mirror, either 
plane ot concave, ia placed direotly in the aiis of the micro- 
scope, Olid reflects the light throngh the tube, the illumination 
is said to be as:ial or cen/ral. The same term also applies to 
slireol iighi, when the direction in which the raya pasa through 
the object coincides willi the optioBV ai\B q\ "Ca.* K-MScrotsiftiit, 



The rays must, of eourae, be iiariillb!. li either rtivei^ant o 
oonvei-gent, some of the rajB will be oblique. Purely axial or 
<!antrftl illnminatiou can be obtainod only hy paasing the light 
through a very email hole placed some diatance below thestage. 

Oblique Light.— Many objects fail to show their peculi- 
arities wlien illumiuati'd by parallel rays of Ught passing ' 
througli them in the direction of the optic aus of the micro- 
pe, but are seen very clearly when the hght is Bent through 
them obliquely. To secure iUumination by oblique light re- 
fleated from the mirror, the latter must be so saspended that it 

n be tumed to one aide, and thus senda beam of light through 
the object at an aoule angle. Where direct tight is employed, 

necessary degree of obUqnity may be obtained by adjusting ' 
the position of the lamp— a device to which we have resorted 
when compelled to use a stand in which the mirror did not 
swing to one side. In this way, also, obhque light may be em- 
ployed to illnminate obj'eots viewed through a pocket lens, and 
very interesting effects obtained. For the tesoluliou of fine 

arkiuga upon diatoms, etc, oblique illumination is a neoea- , 
aity. Wiien the angnlfli- aperture of the objective is low, and | 
the light is very oblique, the objects appear light on a dark ' 
grouud — in fact a sort of dark ground illumination ia obtained. 

The Acbromatic CoudeoBer.— The earlier forma of 

the achromatic condenser consisted simply of an achromatio I 

lens, similar to an object-glosii, so arranged that by means of it . 

the light from the mirror could be brought to a focus on the I 

object. With some iibjects, even this simple contrivance gave J 
very fine results. It was soon found, however, that great ad- 
Tantage was derived from cutting off portions of the pencil of 

rays transmitted by the condenser, and by meaiiB of the proper I 

diaphragms, central, peripheral aud onesided or oblique ilium- ] 

ination was obtained. Firat-class achromatic condensers be- 1 

came, therefore, quite comphcated and expensive. Several J 

cheaper but very efficient forma are now made by opticians, a J 

favorite being the Webster condenser, shown in Fig. i5, 1 

Of this accessory Carpenter gives thefoUowing very practical I 

deacription: "In ita present form, the &in:e.ug&mfii^t (it ^Ia | 
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iL'imeB uttouglj tesemblea tLut, used in the Ketlner Eje-pieOej 
the field-glass of the hitter sGrTitig us a coDdeaser to 

B of rays reflected upwards from the mirror, and to 
make it converge npon 
a Bmoller Bchromatia 
oombiuatioD, irliich 
oonsists of a donble- 
oonvez Uns of 
with ft plauo 

Kg, 15 wEuriEB roNBENKEB. leDs of flint, the plant 

side of the latter be- 
ing next the object. Theee lenses are of large eize and deep 
oiirvatare; bo that when tlieir central part is stopped ont, the 
mya transmitted from their peripheral portion meet at a iride 
angle of convergence, and have the effect of those transmitted 
through the peripheral portion of the ordinary aohromatio 
condenser. When, on the other hand, tji ji comtiination ia used 
with a diaphragm that allows only the central rays to pass, 
these rays meet at aamallangle^and theiJluminatioa thusgiven 
is very suitable tor objects viewed with low powers. Again, by 
stopping out the central portion of the combination, and re- 
moving the condenser to a short distance beneath the object, 
tiie I Sect of a black gronnd illiimiaation can be very satisfac- 
torily obtained with objectives of moderate angular apectui 
Farther, by stopping out not only the central, but also a great 
port of the peripheral rays, so as only to aUow the light to enter 
from a small portion or portions of the margin, oblique illumin. 
ution con be most effectively obtained." 

Tbe Wentaam Reflex niiiiuinaiOT.-'This ia gener- 
ally conceded to be the most perfect device for illnminfttiiig 
balsam -mounted objects when viewed by objectives of 
high angles. It ia nhown in section in Fignre 46, where 
cylinder of glass half an inch long, and fouv-tenthsin diameter, 
the lower convex surface of which is polished to a radius of 
fouT-tontha. The (op is flat and polished. Starting from the 
bottom edge, the cylinder is worked off to a polished face at an 
iingle of 64°. Close beneath the cylinder is set a plnno-convex 
lens of H inch focus. Parallel rays,/./,/, serf through the 
Jea^ after leamng llie lower convei uTirisce c)\ "Cwa cfCvnisst, 
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be refracted to tlie point, /;, iS confiuweil in solid glaa 
but by impinging on tke inclined polished Bnrface {which is 
far within the angle of total reflection), they are thrown on the 
flat segmental top ; here thoy would be totally reflected and 
beaten down again to a point ontside the cylinder, but if an 




Pig. 46. 

objeot-Blide, c, be laid over the flat top with an intervening 
fllm of water, the rays will proceed on to tlie point, g, if the 
glass Blide be thick enough. As shown in tba engraving, how- 
ever, the slide is of the usaal thickness, and the Tjoint, g, Ueti 

■a it; tberefoj-e, it flie iipppx RUtSRca ol We iKvie Si. "SViiBm. J 
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and poliBhed. tiie inya will be totally lafleoted therefrom, t 
will be sent to tlie poitit, b, outside the oyliader. If, liowevei', 
any insect scales, iliatoma, or tbin flat objects should be in 
contact with the upper surfoee of the elide, the lays Avill be 
enabled to pass through, and the objeota will be brilliantly 
lighted up ou a dark gi'ound. Objects eeeit ia this way show 
many points of their structure with remarkable cleamegs. 
Speaking of the Ampkipleitra peUacida, Mr. WenLam telle v 
that it assumed a substantial appearance not Been in any other ] 
way, and at once displayed ita striie with an ^tli that hod nevet 
resolved them before. 

It is very eridetit that the results which we have just de- 
Horibed will only take plat^e when a stratnin of air lies above 
the dide, and the objects which we wish to view mast be in 
contact with the slide, and sot mounted on 
iisnally the case. But if the objects be mounted in balsam, 
the light will pass through to the upper surface of the c 
whence it will be totally reflected down, and the objects will 
be invisible, or, if sufflciently substantial, will appear ( 
black ground with dri/ objectives. But if we n 
objective, the light will no longer be totally reflected at the 
Burlace of the cover, but will pass through, and wdl be taken 
up by the objective provided the latter has suflicient angular 

Used under these latter conditions, the reflei illuminator 
constitutes a means of obtaining oblique illumination of great 
inirity and force, and the instrument is now a general favorite 
for this purpose, for which it was first used by Mr. Samuel 
Wells, of Boston. 

To use the refles illuminator sucoeaafnlly demands great care 
and some experience, hut those who wdl carefully study its 
construction and mode of action, wiH fijid do difficulty in 
getting good results. First of all, then, we must remember 
that the reflex acts as a condenser, aud couBequently it ia 
neceesai^ to use but a moderate amoimt of light, which should 
be as intense as possible. This is beat obtained from a small 
hand lamp. Secondly, we mnst use parallel rays, or the points 
to which the light is brought to a focus will not be those which 
liccoi-fl with the other tealures ol t\vB inaVramsiA. ■^n.-nilalrajB 
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lUBy De eltLer the light from a Ijriglit cloud throira up Ijy Uie 
plane mirror ; ilirei^eiit i-ajs from a lamp matte parallel with 
tile concave mirror ; or divergent rays from a lamp made 
parallel with a biilla-eje condenser, and tlirown up by the 
plane mirror ; or a combination of these last. Thirillr, wa must 
remember that the inetniment has two eentrea, arising from the 
fact that the optic axie is bent by internal reflection from 
llie polished facet of the cylinder. Hence, we have the centre of 
the lens below the cylinder, to which the illnmination must ba 
adjusted, and we have another centre at which the rays are 
brought to a focus, and which must bo made to coincide with 
the optic aiia of the microscope. This centre is genortdly 
marked by thn maker on the small side piece, e, aad it should 
be brought esactlj to the centre of the field of view of the ob- 
jective, a low power — say a half inch or two-thirds — being uaeil 
for ibis purpose, in the Erst place. 

It is, of course, obvious that by adjusting the other condi- 
tions of the instrument, the points which we have laid down 
may be varied. Thus, for example, divergent raja may be 
used ; but in that cose tbe focns of the i-ays will not be at the 
point, g, unless the^t top of the cylinder is depressed a little, 
which may be easily done if a tenacious liquid like glycerine be 
used as the connecting medium. 

We think that if the reader will bear these points in mind, 
and will work over this accessory faithfully for a few hours, he 
\<nH attain results which will abundantly compensate him for 
the labor spent. 

The reader must always liear in mind that where totally re- 
flecting surfaces are used, ns in paraboloids, reflex illuminators, 
etc., they must be kept scrupulously clean or they lose their 

The Wenham Prism.— This simple and ingenious little 
device ■was first described by Mr. Wenham in a paper read 
before the Eoyal Microscopical Society, March 26, 1856. At 
that time immersion objectives were unknown, or at least wore 
not in use, and the effect of the prism was to produce a very 
briUiant dark-ground illumination ; but, as with the Beflex 
or, the introduction ot iniinevB\otv o\i\ftt'u^e'i (A. --sSSis* 
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angle luw (n'eatl; enlarged the scope of nsefalneBs of this littla 
pieoe o( npparotus. 

TLo WeDliam prism consists of a amall right-angled prism ot 

crown glaaa, which ia " patched " on to the ondec side ot Uie 

slide hy means of a little gtj-cerine, oil of olores, or any simikr 

fluid. In the &gnre, h ie the slide and 

oover, ond a is the prism. Kajs of 

light, 03 shown hy the dotted lioea, 

if sent through the face of the prismi 

pass straight to the npper surface of 

Pig. 47. the cover, and if a dry objective be 

nm H-emuM i'hibh. Ttsed, they ore reflected down again on 
to the underlying objects in bolsi 
whicli appear brilliantly illnminated, as if beneath a speonli 
An iiumeraion ohject-glaaB prevents the covering glass from 
acting OS a specnlum. and light emerges beyond what woold 
otherwise be the critical angle, thus affording very oblique illn- 
inination, which, with suitable objectives, enables na to resolve 
the most diflicult tc^ta. 

If the prism is used with dry mounted objects, total reflection, 
instead of ocourring from the cover, tiikes plcLce from the nppev' 
surface of the slide itself, and all is total obscurity except where 
some object, such aa a buttei'fly's scale ot a diatom, 
mate contact with the slide, and then these objects allow the 
transmission of light, and appear curiously distinct in a jet- 
black field. 

This illumiuator requires no fitting to adapt it to the 
Kcopc. It is merely stuck on the under surface of the slida 
witi a little glycerine ; the elide is then placed on the stage, 
the object found, and the position of the prism adjusted by thai] 
finger. 

It has been objected to this method of attaching it, tliat 'when 
the microscope is inclined, the piism is apt to slide down. This 
will not occur if the quantity of liquid used be very small. It 
is not difHoult, however, to ari-ange a very tliin plate of metal 
with B square hole in the centre, the metal which originally 
filled the hole being bent down so as to form an ear or clip 
at each side of the opening. These clips grasp the prism, 
which, being cemented into Uiw tte.tQp., to^i ^^& \»ii 
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rer it is placet! the slide. If the metal plate be 

itenod to the stagn by nny contrivaucc, tho object-slide 

ly be moved about at will witliout diHturbing tlie pvism. 

Aa we have already stated, the TVunham prism, has a right 

angle tuid two angloa of 45" each. Prisma for the same pni'poso 

have been made with unequal angles at the base, and with other 

tlian a right angle at the npex, and thi.^ is sometimes aAvan- 

lageoiu. 

if course, obvious tliat the Wt'uham prism transmits 
with their direction unaltered. If we wish to condense 
lis mnst be dono pi-eviously by mciaiia of mirrors or 
lenses. Two illuminators, which combioe the effects of the 
oondeoaer and the prism, have been devised by Mr. "Wenham, 
will now describe them, 

Tbe Hemisplierical lUumlnat or- —Instead of a 

prism. Ml'. Wenham has used a hemispherical lens, patched on 
to the shde in the same manner otitliat described for the prism. 
^This lens concentrates the roya on the object, and as rays from 
ftny directiou will always enter the lens at right angles to some 
ipart of its surface, more light and greater oblic[uity can be 6b- 
Gained by it than by the prism. This device was described by 
!Ur. Wenham in the same paper in which lie first described 
tlie right-angled pi-ism, but we believe it was first applied 
1^ Mr. Tolles as an oblique illuminator for balsam-mounted 
objects Been witli immersion lenses. 

The "Halr-Buttoil.''-A8till more efacient illuminator, 
imd one which ia complete in itself, is shown in the engravings, 
'Fig. 48 being a side view. Fig. 49 a section, and Fig. 50 a per- 
spective view of this little contrivanco. It consists of a semi- 
eircnlar disc of glass of one-quarter of an inch radius ; the edge 
is rounded and well polished to a transverse radius of one-tenth 
ih, for the reason that the focus of a spherical surface 
1 glaea falls within its substance to nearly three times 
flie radios, consequently the line of light will be in the most 
-ooncentrated position at one-twentieth of an inch above the 
laentre of tiie eemi-diac, which distance ia a\iSi.c).ea\. H» leajjV «3^i- 
■nt4d on riides of tlia ii»\i9\ thictneaft. T^i.^- "^is^- 
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button," OS it lias been i^alleJ, ia uonneotoil to the DDder b 
of the oliile by ineaus of water, glyi«i'me, or oil of cloves, i 
Ettles beiug graspiMl b; a. aimple kind of opea dip attached t 
Ibfl eab-stage. Tbis illumiaator is complete ia itself, and r 
quiree do anpplementiuy ooudensiug leus ; tlie obllquitf i 
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simply obtained by swinging tite ordinary inirroi 
andbytliia mesLim Ampkipleura peUudda, laowiteA 
can be at once resolved. 



The Woodivard Illuminator.— This method of monnt- 1 
JQg und arrn.uging a right-angled prism for the illtiminatiou ot 
balsam -Bi 01. _ ted objects, was described by CoL Ih-. Woodward 
in a paper read before the Bojol Microscopical Society, June 6, 
1877. It consists of a prism of glass, the apex of which has 
been truncated. This prism is cemented to the tnuxcated apex 
of a similar piism of brass, the long side of the glass prism 
being upward, and connected with the under surface of the 
object-slide by suitable liquid (glycei'iae, od ot cloves, etc.) 
The homologous side of the brass prism ia downwards, and 
slides in a holder which is supported by the sub-ataga To 
this brass prism are attached two arms, which serve to support 
a thin screen at some distance below the stage. The screen 
is parallel to that face of the glaas prism that receives the light, 
and is pierced with a pin-hole, which pemiits the passage of a J 
minute beam of sunlight. With this apparatus, Col. Dr. f 
Woodward secured very fine results. 

Tollefi' Uluininating Traverse Lens.— The moat. I 
perfect aiTangement for allowing a beam of light to reooli^ I 
without refraction, a suitably immersed object, is the iUumim 
liTig tranerse lens of Mr. Tollea. The engraving, Fig. 51, and th^ 
deeoription, which is in Mi. ToUetf o-wn ■«uti&, MBitom. th( 
~ ~ '■ 3fi(T0SC'>picaI Sod«tj), 
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riee iH reyi-esented in the anuexfMl figiu'e, wliave P ia 
X plate of tliewLole traverao Eystem, having a cironlar 
i tra<;k, in which the carriago, C, moves. On a pro- 
1, A, of the carriage, C, are mounted whatever ap- 
rpliancea aro to be used to modi^ or direct tbe light upon the 
Ifeaverae leas, T, in the direction of the object at the centre of 
I the system. 

In the figure the concave lens, N, ia ahoivii in position on the 

um. Thus eituatert, the interior conves and concave anrfaces 

Ifbeing: of no eSect, the two exterior phme surfaces of the traoerse 




vfilem coaatitnte it a priam, and every slightest movement of 
|this concave facet leas on the traverse lens, T, would icould give. 
a different prism to infmito varietj. In this arraugemeut, tiie 
n'or can be used in the ordinaiy manner and con- 
e light enough upon the object for aU ordinary purposes. 
e full iaterior aperture of a dry objoctivfi would ba reached 
Knt the very convenient obliquity of 41°, i.e., at less than the 
litical angle, or angle of total internal reflection between 
ii-glass and air. L ia a double-coaves condenaing lens, 
B'ihat may be placed at about its principal focal distance from 
M.&1B object. 

For a condenser, with the size of apparatus as drawn in the 

, a simple lens of Ij inch focus, and about ten degrees 

[.{10°) of aperture ia convenient, and if the lens is movable 

rm. A, it can be focussed readily on the object, the 

Dsition being fiieiJ bj inspection, TTiua ■^oiiVi "bft "^^ \.at 

"i/m/s. If fl/verging rays Kt% useft, B.iiofti.6i \«aa «>'>. "wa 



16:1 



< ItSIi 



or throe mclies focus, mounted 011 tli 
taka np the raje from th6 radiant al 
ot tliis Empplementanr leue. 

Tbe plate, P, is gmduated on its cii'ciilar edge, as in the 
figure, to two degreed, and tlie nrm. A, has a swing of seventy 
degi'oea of arc each vraj froia the axis of the microscope, Au 
index-line is marked on the berelleil edge of the carriage 10° 
from the axis of tlie ooudenser, which must be added to or sub- J 
tracted from the real obliquity of the illuminating rajs. I 

It is obvioQB that any observation made and dnlj recorded aa H 
to its conditions, as of obliqiiitj of incidence of illuminating 
I>encil or raj, form of tho pencil or beam, focal length and dis- 
tance of the condcnaer, enGb observation could be succesBfoIlj* 
repeated. The record of the obliquity of the most oblique rays 
reaching the object directly and giving view of it at the eye- 
piece with luminous field, would express the "balaam" aper-1 
tnre, or more correctly, the half interior aperture of the objeo- I 
live when the front leus of the objective amcl the traverse system I 
ore of glass of similar refraction. 

Having- thns the "balsam" angle, we readily calculate 
learn the corresponding angle for gljceriue or water, or anj-fl 
medium of nLich we have the index of refraction, 
ponding notation, perhaps tor air, might he engraved in juxta--] 
position on the basilar plat«. 

The Spot LeoB.— This is a plano-convex lens of rery high 
curvature (it is generally hemispherical), so mounted that its 
ilistancc from tbe objeufi may be adjusted in such a way that 
tlie rays which pass through it, maybe brought to a focus 
on the object. Tho central i-ajs are stopped out by means of a 
black spot [hence the name), so that tlia object is illuminated 
■wholly by rays which are of too great obliquity to enter the 
object-glasB, except when their direction is changed by the 
object. The latter, therefore, appears brilliantly illuminated 
on a dark ground, and in many cases features which could not 
otlierwise be seen are shown very distinctly. 

The larger diatoms, insect scales, and similar objecta 1 
pecaJiarJ/ suited to this metholol iWMmvos.'ciaii, aai a 
Hem Mn raij bwatifal w " abo-w" o'b\ocla. 
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i Parabolic Illuminator.— This ia an infittument 
ititended to occompliBli the eume eod 
as tlie spot lens, but ia fl far more 
efficient manner. It ooafliBts of a 
block of glass, the outer fonu of which 
is a parabola with a onp-shaped de- 
preesion cut in the nppcr end. It is 
mounteil in a brass fitting, whicb 
elides up and down in the aiib-stage 
of the microscope, and thus may be 
readily adjusled, so as to throw the 
light properly upon the object. The 
nits obtained by means of the parabolic illuminator are 
ronderfnlly beantitnl. 

Polarized Ligbt.— The mioro polariscope consists of two 
distinct parts, a pdlurizer and an analyzer, each of which is 
now generully formed of a Niohol piiam properly mounted. A 




n method of mounting the polarizer is shown m Fig. 53, 
As there sliown, the lower ring ia intended to slip into the ring 
of the Bnb-stage, the rack and pinion of which enables us to 
place the end of the prism at a proper distance from the object 
When the microscope is not provided with a sub-stage, the 
polarizer is tamed upside down, and the brass fitting slipped 
into a ling, which is attached to the under side of the stage. 
The milled ring, which ia shown uppermost in the figure, 
enables us to rotate the prii^m in both cases. 

The analyzer may be arranged in either one of two ways. It 
jD^ he slipped over the eye- piece, oi it maj Vitt m'i'^Q.'uA \"Q- ^ 
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brass tnbe. the apper end of which has an extern^ Society 
screw that attaches it to the bod;, vhOe the lower end ol thi< 
tube baa au internal Society screw for receiring the objective. 
Fig. JJ4 Bhiiws tlie lutter arrangemeut. 

Polarized light, except for the mere beatttj of its efieots, 
has not received the attention that it deserves. In some de- 
partments of scientiSc investigiLtiou, especiull; minerolug; and 
geology, ita use has afforded very satisfactory and brilliant te- 
Bolts. Aa regarda its applicationa to medicine and physiology. 
Dr. Frey Bays: "The eiaminatiou of tissues by polarized 
light has a high scientific value, as, by this means, jnoleculiir 
rations become evident, which by inveEtigatiaii with ordinary 
light, remain entirely concealed. The interpretation of whut 
is seen, is in maoy cases difflcnlt, and generally lies within the 
province of optics, with which the medical observer ia nsunUy 
but little familiar." 

To detail tlie method of using it, and the special features 
which it disi-lust's, would, however, far transcend the limits of 
this work, and we must, therefore, refer the reader to aoi^H 
special treatise on the subject. ^H 

HOW TO USE THE MICE08C0PR ^ 

The remarks which we are now about to offer, ore intended 
for the merest beginners — for those, in fact, who have never 
nsed a microscope at all; and therefore they may, perhaps, to 
some, appear childishly simple. And yet we have seen not 
only teachers, but professora in colleges, who might have de- 
rived some benefit even from these aimpla hints, We remem- 
ber on one occasion seeing a prufeasor of botany attempt lo 
examine a minute plant with a common pocket magnifier with 
three leuaea. In the first place he turned the instrument wrong 
side up, so that, although he could ,^ee through it, the results 
attained were very inferior to what they would have been if the 
instrument had been properly used; in the aecond place hs 
wore his hat in such a way as to cut off nearly oil the light, and 
ia the third place he did not know how to liold hia hands so as 
to obtain the requisite degree of Hteadiuessi. If he had given 
/ifewDiiuateBlitoughi\<t%^ Bw\>\e(i\.,'kft coxM. wJkw^U baw 
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^B Boireoted his bad metLoda, bat then Le evidentl]' li£.d never 
^K oonBidered it worthy of earnest thought, although it formed 
^m the very foundation of his powers of observation. 

' Simple Hand MagniOers.— Theseoreperbapstlie most 
important of all optical instniments, and yet we rarely find a 
person who can tue them efficiently. There are but three 
points that require attention, viz: The proper position of the 
magnifier itself, the perfection of the illumination, and the 
Bteodiness with which the instrument is held at the esoct focal 
distance from the object. Many magnifiers ore so construotod 
' that it is impossible to place them in a vrong position; the 
^L side which should go next the eye, and the side which should 
^H go nest the object are so wtU marked that no mistake con be 
^f made. The greatest liability to error exists where two or three 
lenses of different powers are fixed in the some frame and used 
together. This forma one of the most common and useful of 
our magnifiers, and the rule is always to j»face Ihe lens of great- 
est po">er nearest lo ll/e object. Plano-convex lenses should be 
placed with the plane or flat side next the object. 

Hand magnifiers are, in the majority of oases, nsed for es- 
' amining opaqne objects, and one of the most important con- 
ditions for perfect vision is that the object be well illQminated, 
First of all, then, see that the light falls full and direct on the 
object; then place the magnifier as nearly in focus as can be 
done without actually looking through the Ioiih, and, after this, 
approach the eye to the magnifier. TUe errors most comm.only 
committed are; Turning the object away from the light; cut- 
ting off the light by the projecting brim of a hat or cap; 
shading the object by the hand or the lens itself; attempting to 
examine an object in a room that ia not sufSciestly lighted. 

Having secured a proper position for the magnifier and a 
good illumination, the nest step is to devise some means for 
holding the lens steadily in focus dnring the examination. This 
IB most readily effected by resting tlio hand that holds the lens 
npon the hand that holds the object, Leas and object then 
move together, and the focnsaing remains unchanged, 
Hl Cunipouud MtcroscopeB.— We presume that the inatru- 
^kaentiuJj'iBi] js jx very wimple one, ani X^ia^i ^ft ■ros-'^^A^^^!! 
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iniwttr to be nsed ia not very great. No person should attamj 
to aae high powers and complieated instramentB uatil ha 
served ud apprenticeship by usiug a microscope of simple t 
straction, and objectives o( considerable length of focos. 

liut the beginner commence hy examining some transparent 
object already mounted. To do thia, set the microBOope 
on a firm table, in Trout of a window bj daj, or before 
a lamp at night. Diifict sunlight is to be avoided, the light 
from a white cloud being usually preferred to any othM 
sonrce of illaminatioii. At night use a gaslight that does. 
not flicker, such as iiu argand burner, or a good keroeenS' 
lamp, the German student lamp being very well suited to thit' 
purpose. Good results may, however, be obtained from anyol 
the ordinary lamps, eapeeially those with a circular wick, whioh 
are now so common. Very fair work may also be done bj; 
means of a good candle. Thia subject has, however, alreadj*! 
been discuaaed at greater length in another section. 

If the microscope be a cheap French one, the objectives will' 
be found attached to the body, there seldom being any apeaial 
proviston made for holding thera. But with all American and 
English microscopes, and the better class of instruments from 
the continent of Europe, special boies are provided tor holding 
the objectives. These boxee are nsunlly made of brass, and 
are indispensable to the microscopist that endeavors to takft: 
good care of his inatniment. Where the objective is kept in fti 
separate box, the body of the microscope must be raised to tt 
sufficient height, and the objective screwed into its place. laj 
doing this be very carefnl not to let the objective fall and striku 
against the stage. We have seen more than one good lene 
spoiled through snch un accident. j 

When the objective has been properly secured in its plaD0,1 
move the body of the microscope up or down until the &(»ltj 
lens — that is, the lens which is nearest to the object, is abonts] 
quarter of an inch above the stage. Then turn the mirroi. 
nntil the tight from the window or lamp is reflected throu^ , 
the microscope, so that when looking through it a bright eir-: 
cle of light is Hceu. J 

Place on the stage bome monnted object of laige aizs, wuilly 
as a d/a wiug or sectiou ot "«od4. ^1 b.Vi-« ■ja-Kei; objective bjj 
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, «ay one magniffing Ices than 100 diometet^, move tha 

tiy of the micToecope up, so as to increase tlie distance be- 
u tbe objective and the object. At the same time keep 
yonreye at the eye-piece and watth closely. At a certain point 
the ol)ject nill be seen with great distinctness; it is then ill 
focus, and is ready fur esuminution. Always begin with low 
powers. One of the greatest tiska that the beginner runs is 
that of breaking the objiclive by forcing it down on the obji'cL 
To avoid this with high powers, bring the objective down ai- 
niost into contact with tbe slide; when doing this do not look 
through the microscope, but watch the objective, and stop 
whenever it is sufficiently near the object. Then apply the eye 
to the eye-jjiece, slowly raise the body, and wafcli for the com- 
ing of the object into iocas. This is the only safe method with 
high powers. 

Before attempting to place an object on the stage, or to re- 
move one from it, see that the objeelive is raised at least half 
aa inch above the stage. By attemptiug to introduce a new 
dide without raisisg the objective, when using high powers, 
you run great rink of injm:ing both the object and the objec- 
tive. And in removing objects from the stage, never lift them 
up; always s/WeiAe!« of. In lifting them up, great danger is 
incurred of bringing them into contact with the objective, and 
thus doing irreparable injury. Sliding entirely preventa this. 

Where the microscope is not provided with mechanical 
means for adjusting the focus, such as a screw or rack and 
pinion, a great deal may be accomplished by special methods 
of manipulation. Thus if, instead of pushing the body directly 
through the collar, it be moved with a slightly twisting motion, 
the focus may bo adjusted with considerable dehcacy, and when 
the microscope is not provided with a flue movement, a great 
deal may be done by means of a slight pressure of the fingers 
on the stage. Few Btagea are sufficiently rigid to resist even 
the slightest pressure. 

Tha chief points which the beginner should endeavor to 
study are the vuriations which ore made in tbe appearance of 
the objeet by means of alight changes in the focussing and the 
mode of illumination. Experienced mi.cio&coiiS.ft'is coa^vaM'Crj 
keep theh- Sngera oa Uie line adjuatmeftX oV Vu»i ■BCSSQWWVi 



ftnd watch the different ftppeanincea whicli are pTOauSeoT^^ 
« cLiuige in tlio mode of ilhiminiition. Bwisgiug the mirror In 
one Bide, ao oa to send the light throngh the object in an 
obhqne direction, or, where the mirror cunnot be tnnied to 
one side, merely taming it on the trunnions which support it, 
will often produce most important effects. 

From what hna previously been said in regard to the neces- 
sity tor clear and brilliant sources of Ulnmination, the young 
microacopLst maj^, perhaps, be led to suppose that the field of 
view CMiunt be t(io brilliantly iUuminated. Soch, however, is 
tar from being the caae. With ordinary powers (those beloir 
600 diameters) it ia almost always necessary to moderate the 
light, even of a flut-wicked lamp, and still more that of a 
atudenla' lamp. The finer details of an object cannot posaibl}- 
be made out if the illumination he too strong; t^ey mo 
" drowned out," and the whole object becomes what artiala euil 
engraverB caU Jlat. The light may be regulated by the dia- 
phragm which has been previously described. Where the mi- 
croscope ia not furnished with a diaphragm, increasing the dis- 
tance of the Limp from the instrument is the best mode of 
lessening the intensity of the ligbi 

Very bright light is exceedingly trying to the eyes, and 
therefore the student will find it advuntugeous to use lights of 
moderate intensity, and to increase their efficiency in every 
possible way. This may be done to a very great extent by 
judicious management^ — chiefly by eiclnding from the eye all 
unnecessari/light la a room very brilliantly lighted with a 
number of powerful argscd burners, it would be impossible to 
secure tlie proper illumination of a micioscopio ol>ject by 
means of a caudle, for the eye, accustomed to the bright light, 
wonld fail to be impresHed by the weaker one. Estingnish the 
brigbt lights, give the eye a short time for rest, and the candle 
will answer very well. The principle thus illustrated finds a 
practical application in the use of pasteboard shades snrround- 
ing the eye-piece, and eiclnding from the eye all light except 
tiiat which passes through the microscope. Such a shade is 
easily mads and adapted to any microscope, and is of great 
service. We have also ia our own practice carried out tha 
eaios vTisicipl.e by jueans o^ e-TAta SiK^Vtai^tcft to om; ej^ 







thOH cutting off:!)! the liglit wbicli paEses through the 
lioroBcope, escppt that wbich flctually serrea to illuniinate the 
ibjeet. 
It will also be found of great imporlance to eeoure perfect 
the special illtuuination employed. Thus, if we are 
Maminijig an object bj traaamitted light, it always detracta 
from the cleamtiss and beauty of the image if light is reflected 
from its eurface. It is, therefore, of advantage to shade the 
object by means of a email tin, brass or pasteboard shade, at- 
tached to the stage so as to prevent auy light from the lamp 
from falling mt the object. 

A difficulty wliich frequently occurs to young mieroscopists 
conaifits in the almost impoaaibility of securing a field of view 
equally ilhiininated in all parla. AsEumiug tlmt the mirror is 
in proper position, end tliat there ia iidlhiug to shade any part, 
it will in general be found that tJie difBculty arises from the 
fact that the mirror throws images ot the lamp, etc., upon the 
object. Sometimes tliia is very distioctly aeen; Iha shape of 
the flame can be clearly distiiigiiished, and the metid portions 
of the lump appear as dark shades. The canse is tliut the lamp 
18 at the exact distance at which the mirror forms an image of 
it on the upper surtace of the slide, just as a lens, held ia 
front of a white wall, will throw aa inverted image of a lamp 
or candle on the wail, provided the relative distances of the 
wall, lens and candle are properly adjusted. The remedy is 
very simple; move the lamp either towards the microscope or 
away from it, ns may lie most coBvenienL 

As previonsly stated, the character of the illnmiaation af- 

iorded by a mirror, and by a white surface placed at a short 

"itanoefrom the object, are appreciably diftennt. A very 

leaaant method of illuminating transparent objects consists in 

of a plate of plaster of paris. Its whiteness ia probably 

pare as that of any other substance, and it is easily procured. 

The plate we use was cast in the cover of an old tin box, half an 

inch deep and three inches in diameter. A flat surface waa 

■ecnred by casting it upon a hoard. If oast on glass or metal, 

Bnrface ia gbzed and shiny, which is bad. lustead ot plat- 

r, fine white paper or oardboavd may be uaed. SyiC^v wk^ck* 

not he gl^ed, aud fitey slioiilil\)i;V-e"ftaciwg':iQ\^:^"^^w».^ 
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The light is eiaa aometiiueB modified hy puBsing it thcongfi 
(trmiud (ir colored glase — blae being a special favorite. SucU 
liglit-modifien, na the; are oalled. produce e. pleasant and 
equable illuminatiott, whioh is a great relief to the eyea, but, 
exoept for the resolution of finely lined objects, we have not 
found them otherwise of anj special advantage. When it is 
desired to obtain the grentcHt resolving power that a lens is 
capable of affording, the Wue ceS, aa it is called, is probably the 
moEt efficient accessory. This is simply a glass tank, somewhat 
like a zoophyte trough, filled with a solntion of oxide of copper 
in liquor ammonia. The solution is prepared by adding 
liquor ammouiie to a saturated solution of sulphate of cop- 
pet, nntil the precipitate which is first formed ia re-dia- 
fiolved. The inteiiBity of the blue may be regulated, either 
by diluting the solution, or by yarying the thickness of the 
layer of Uquid. 

When it ia desired to esamine any thing by light i-efieciedfrom 
ii,iiibieaA.ot\\ghttTaiismiUed through it, the object should be 
placed before a dead-biack surface, such as the dark part of the 
diaphragm, or a blackened card, and at such a distance from it 
that the surface of the background is not in focus. Then, 
place the condensing lens in relation to the lamp, so that a 
bright spot of light will fall on the object, and on bringing it 
into focus it will be olenrly seen. Low powers only can be 
satisfaatoriJy used for the examination of opaque objects by 
beginners. 

The beginner should commence with the simplest mounted 
objects, and afterwards, when a little skill in the manipulati< 
of the instrument bos been acquired, he should proceed to th« 
examination of such simple unmounted objects 
prepared. The latter course will prove altogether the 
valuable andinstriictive, for he who confines himself to the 
aminatiou of mounted objects only can never hope to become a, 
microGCopiat, After a time, when a little skill has been 
acquired in t\ia preparation of objects, the student may proceed 
to preserve and mount them. Most young people try to moatii 
before they have learned to prepore objects, and the oonse- 
qneaee is thai they soon ftuA Uiftoise\\ea in ijoasession of a 
iojge coiieotiOB ol yety poot t^iea. 



ea^S 
heex-^^ 




OF THE MlcllOBCotE. 171 

Ott the Use of Obfectives of Large Apertiires.-- 

When tile first edititm of this book was issued, wiile-ftagled ob- 
jectives were far fram common. Tlio "liattlo o£ tlie Objeet- 
Glasaee" iroa at its lieiglit, and objectives callable of resolving 
th« Ampk/pleura peUucida, or Nobert'a nineteentli band, by sim- 
ple l&mplight, were comparatively scarce. During the interven- 
ing years tbo opticians have been hanl at work, iind have tnmed 
ont objectives of a high class to such an estent that almost 
every microscopii;al society numbora amongsi its memliera those 
who have glasses of high balsam apertures. It is an unforta- 
^^late fact, however, that thus far the test-books are entirely in- 
^^■ocent of any directions for using these glasses. We have now 
^HUfore lis a treatise of ovt.'r 400 pages, which left the atithor'u 
^^Kimds as late as the middle of ISSO, and which docs not cantein 
^a single directioa for the use of the cover correction ! As a 
justification of such omission, it has been alleged that objec- 
tives of large aperture require no more care and skill than 
otheni. From this position we most emphatically dissent, and 
^ul evidence wei'e wanting we could cite the ease of a prominent 
^nffloer of one of oiu' microscopical societies, and one who claims 
^Rq be an expert in the use of the microscope, who thought it a 
great teat to show No. 18 of the Probe Platte with a j obJL'ctive, 
which undoubtedly woa capable of rosolviag No. 20 handsomely 
il properly handled ! The forthcomiiig work of Prof. J. Ed- 
wards Smith will [irobably be the first t«Kt-book that wiJl liave 
treated this department thoroughly, and students aro anxiously 
looking forward to its appearance. 
Instruotion in the projier methods of'handliag first-class 
—Objectives is beat obtained from a living tea^'ber. It will be 
! of the most difficult things to learn from a book. 
« reason for this is that until he has become expert, or baa 
u the objects in the hands of some one who is expert, the 
" Btndent does not know what appearance to look for. The con- 
seqnence is, that be is all the time working in the dark. But 
after he has seen Ihe Amphipleura or the Sasonica well shown 
by some one who knows how to handle a gooil objective, be 
Iios a standard of cicellence to go by, and it will be very strange 
if, after a few trials, be does not surpass the wort oEUwteiaWt, 
!rbMi, as BOOH M he hai learned to firing out ■«'WK.'^t"iisi"'>*'v» 



17i ^^^ 

be tlis Iwst reeulta on dillicnU diatoms, be knows when his 
leiiaee are doing good work in Lis liiuids, and, bo far as bis in- 
etrnment in couceraed, lie feels confident tlint lie can Oipply it to 
i\uy olaaa of ohj'ecte and got views Uiat are trustworthy. 

To get tlie beat residts from modem objectiTes of wide angle 
of Bperliire, there are two thinga that must be carefully at- 
tcndWI to — the illumination of the object, and the adjustment 
nl the correction for the thickneas of cover-glasa. Of delicacy 
in forussiug, which, by the way, is a most important point, it 
IS nnneceassiy to speak. 

As r^ards illumination, the three great points that must be 
secured are parili/, intensili/, and snUabUity. By purify we 
mean that the light mn&t be wholly of a certain degree of 
obliquity, for these wide-anglo lensea gather in so maoy rays, 
Ihnt a difFosod light, which dous not affect low-angled objec- 
tires, greatly injures the working qualities of those of higli 
angle. Thus, for example, if we are working by central light, 
it is nsoeHsary to shut out all the direct rays from the lamp, 
which would enter at every sort of angle, and produce con- 
fuaitin. A narrow i>euoil, produced by sending a beam of 
parallel rays of intense light through a small hole placed aome 
distanoe below the atage, wiD give central illamination, which II 
will give very different results from that obtained by a duUjJj 
diffused light, such as may be obtained from the flat aide of tlu 
wick of a lamp, falling on a large mirror and roflected upwau 

"Wliea oblique illnmination is used, great cars should 1 
taken t-o prevent rays of different degrees of obliquity 
falling on the object. A large, concave mirror fills a 
portion of the arc through which it swings, and its upper sxiS~ 
lower edges reflect i-ays which fall upon the object with very 
difTerent degrees of oHiijuity. Where veryobliqne rays ore 
used, but a small praportiou of them enter the glass slide, 
unless they are "guided" tlirough by some sueh Qontrivance 
aa the Eeflei Illuminator, Tolles' Traverse Lena, eto, Bays of 
less obliquity enter much more freely, and although less in 
quantity than the othera in the first place, they drown them 
out. In the excluaion of these rays consists in a great degree 
thevalue ol many of the "iUTiLm.iru3.tora" in common use, and 
th« Mun» «ff«ct may be seoTiLted to s.'(iDvuii£kBEi^>:^ «>ii«n&-V^ 
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means of & Bimple Ecreen. This fact lias been mnde verj ap- 
parent by Prof. J. E. Smith, who, by tJie use of s, simple 
" oblique diaphragm," as it is called, has secured results which 
were previously supposed to demand much more complicated 
aud expensive aiTaugemeute. This oblique diaphragm, or 
ecreeo, consists of ft iilate of veiy tlmi metal aecnred to the 
under anrfaee of the stage. The stage then forms the upper 
BOrface of ft >, and the metal plato the lower one. The angle 
may be adjusted at will by eimplj bending the plate, and it is 
evident that all rays from below will be entirely excluded. 
A piece of the thin iron Itnoirn as ferrotype ptate is the cheop- 
eet and best material for tliia purpose. Its surface should be 
dead black. 

The same result is obtained by the tiae of a conical dia- 
pUragm fitted to the sub-stage. 

When suck objects as diftlcult tests ore viewed by oblique 
light, it will be found that there is a certaui angle of illumina- 
tion at which the objective will generally iierform beat, and 
mast be found by careful experiment The kigher the 
;la of aperture of the objective, the greater may bo the auglo 
which the object is illuminated, but it will be found that 

,uy objectives fail to work up to the full angle claimed for 
them by their makers. 

Such are the general principles to which the student must 
payftttention in regard to the matter of iUmnination, but in ad- 
dition there are numerous minor details, nknowlodgeandappre- 
ciation of which can only be acquired by practice. Tlie finer 
objectives are so sensitive to the slightest changes, that the 
least movement of the mirror or lamp influesces the result in 
t, very marked degree. 

The other important point to be attended to is the ootei- 
correction. This wHl be found to demand great patience and 
attention. The older authorities give fixed rules for regulating 
the cover-adjustment, but as it unfortunately happens that this 
ndJTiBtment varies not only with the thickness of the cover- 
glaas, but with the depth to which the object is sunk in the 
mounting medium (and this is not always the same), and the 
angle of illumination, it will be seen that eticV C)Vi%c\. ^s^^xtea 
tpeciAl attention ia regard to theae pointa. l-ii*i&!«.att'ua'*i»» 
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it wQl be found that encli objective has its own special cliarM- 
teristics, iviiicU miist be carefnlly studied by tho owner if be 
would cummand Ruccess. 

The difficult; of giving any rules tvliich will enable the 
Htndent to put the "finer touches" on this kind of work, is well 
set forth by Di'. Blackbam iu a recent article,* from whioh we 
quote as follows : 

" It will probably lie expected that something should 1>e said 
here in reference to the ii^ustme/il of the objectiTS for dif- 
ferent cover-glssaes, etc., by means of the screw collar, bnt on 
this point, nafortttnately, but little can bo said, though, of 
oonreo, ii is a most important one, and thebettei' the objective, 
and the wider its angle, the more important is accurate adjust- 
ment Every wide-angled immersion objective tiiat is worth 
having, ia a separate work of art, nud, as such, has an individ- 
uality with which the worker must become acquainted, and 
whicli be must Icam to tnm to his advantage. 

" None of these lenses which I have seen are perfectly achro- 
matic, and each has a special wave length at which it does its 
best. In Tolles', and Bausch & Lomb's, and I believe in 
Spencer's lenses, this is between the blue and the green, but 
the exact shade differs with different lenses, and must be found 
by experiment. My plan is to adjust roughly by means of the 
tint of the field, then to bring an object into the field (if we 
are at work on the Probe Platte, one of the easier diatoms, sey 
Pkurosigna nngulaiiim), and tocna on it and arrange the illu- 
mination OS accnrately as possible, and then with the finger and 
thumb of the left hand, turn the correction collar of the objec- 
tive backwards and forwards, keeping the object in focus all— 
the time by means of the forefinger of the right hand on thoa 
milled hecid of the line adjustment, until the best effect ia obifl 
tained. An occasional slight cliange in the position of the mir-V 
ror is often needed. 

"In all these manipulations, deliberation and care are 
needed, and the patience of the beginner will often be sorely 
taxed, bnt let him remember that nothing worth having, can b« 
gotten without trouble." M 

Umm'ean Journal of itfio-nKoja tot TotoiMtrs , \Ws, -J 
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_e. -A microscope, when not in 
nee, shoald always Lio kept well coTered, either in its case or 
under a suitable cover. There is no more oonvenient mode of 
keeping a microacope tbaa to Rtand it upon a cloth mat, and 
eorer it with a glass shajle. It is thns kept free from dust and 
vapors, and la always ready tor tiae; bnt when it is kept in its 
case, and eapecially if it haa to be screwed together, interesting, 
valaable, or even important objects, will often fail to be ex- 
amined, simply beoanoe too much time and labor are necessary 
to prepare for the operaiion. 

A good microscope should be so carefully protected, that it 
shall rarely require to be cleaned or dusted, as tbis wears off 
the lacquer, and exposes the metal, which, when thus nncov- 
ered, soon begins to tarnish. When dusting or cleaaiDgbGcomea 
absolutely necessary, chamois leather, or a very fine old linen 
or silk handkerchief is most suitable. Never use coarse oloths, 
or those that have been lying about exposed to dust and dirt. 

The lenses should be kept in their boxes when not in use, 
and when they are attached to the microscope, great oare 
Bbonld be taken to keep them from coming into contact with 
liquids. Id order to prevent the latter accident as far as pos- 
sible, never examine liquids unless when they are covered witb 
thin glass. In the pursuit of micro- chemical studies, the 
microacopist has frequently to deal with liquids that corrode 
metals, and even gUiss. In well-appointed laboratories iiirsried 
miorosoopes are need in such oases, but with ordinary instru- 
ments, special means must be employed. The object should be 
laid on a large piece of thin plate glass, and the brass work of 
the objective should be coated with oil. The rest of the metal 
work may be protected with oiled silk or thin india-rubber. 

When hquida which corrode glass ore used, the front of the 
objeotiveshouldbeprotectedby means of ;v very thin leaf of the 
best mica, which may be attached either by glycerine or balsam. 

These, however, are exceptional precautious. In ordinary 
■work it is sufBeient to see that the lenses and metal work are 
kept free from stains and finger marks. 

Never touch with the fingers the surface of any lenses, either 
eye-pi eoes or objectives, asthiswill becertaiuUiaoxVlkftta., Cwa 
ao/t camel-hair linislies to remove parlicYeR o^ivw't, eXft. "^'to^'^* 
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dirt ndbfree moreBtrongly, iisetiiiB linen sfttjiAWv moistened with 
alcohol, Biiil wipe drj with very floe chamois leather, Bemeni- 
bcT, that olaobol, if used profusely, will attack the lacquer ol 
the brass- work, and even dissolve the cement which holds the 
lenses together. When objectives are smeared with bdsam, 
the lieEt cleansiag agent ia said to be kerosene oil. The piece 
of leather need for wiping lenses should be free from dnst, and 
is beet kept in a small box by itself, and used for nothing else. 
It most be remembered that the glass of which objectives are 
made is easily scratched, being soft when compared with porti- 
oles of sand and grit; conseqneotly, when frequently wiped it 
soon loses that exquisite polish upon which its excellence of 
performance so much depends. What, then, are we to think 
of the directions given by the author of a popular work on 
the microscope, in which we are told to use a piece of leather, 
slightly impregnated with brick dnst 1 1 No better method of 
destroying an objective could possibly be devised. Therefore, 
see that in wiping, the slightest possible pressure is used, lest 
any particle of grit should make a scratch. 

The exposed parts of all microscopes, as well as the objectivee 
and their cases, are lacquered, to protect them from being 
soiled by handling, but the interior of the boxes which hold the 
" object-glasses ore rarely so protected, and the black coating of 
the interior of bodies, draw-tubep, etc, is frequently not Tery 
firmly attached. Therefore, never touah them with theflngen. 

After taking an objective out of ita box, either screw on 
cover of the box, or place the latter with its open end down. 
not stand it moulh up, so that it may catch all the dnst. 

When exhibiting the micro^icape to others, great care is nc 
sary to keep meddlesome flogers from soiling the glasses. Some 
people are never content when merely allowed to look at tlungs: 
they insist upon handling them, and feeling them. To the 
yonng microscopist, we would say that if any of jour friends in- 
sist upon handling your objectives, eye-pieces, etc., put up the 
instxament and pack it away. A microscope ourefully used ia 
as good after fifty years as when first made, but we have seen 
an instrument suffer more injury in hulf an hour at the hands 
of a tiiOQghtlese a&d ditt^ p^aon, ib&u. it would have sns' 
buaed ia twenty yeaxB in tUetftnia o( ». tra^*ii.'Qi'*KiwcR(%\A. 
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Those vlio are engaged in special atti<Iies and reaearohes re- 
quire no directaons for collecling oh}ect&; but totliose who naa 
the mieroaeope for pnrpoHes of general inBtmction or amuae- 
meut, a, lev/ hiiita may not be out of place. Almost every text- 
book on botany, physiology, mineralogy and kindred subjects, 
will not only indicate a long hat of objects, but will give di- 
rections for procariag them. Plants yield a very large vatiefrf 
of interesting subjects. Thus the culidPH of the leaves and 
flowers; cellnlar tissue as shown by dissections, and by cri 
and longitudinal sections; hairs, pollen, seeds, etc., all deserve 
oarefnl microacopieal examination. Insects furnish an olmi 
nnlimited field, and their wings, feet, eyes, mouth, scales, spira- 
ciles, hairs, etc, are all worthy of careful preparation and exam- 
ination. 

It is, however, amongst the more minate forms of animal and 
vegetable life, as found in pools and running streams, that the 
most interesting objects are to be found, and the niunber and var- 
iety of these is 80 great that several large volumes would be te- 
qnired to describe them. Even the ponderous works of Ehren- 
berg and Pritflhard do not begin to eshaust the subject, and, 
therefore, it will be obvious, that even if we were to devote the 
whole of the present volume to this department, we could 
bnt skim the surface. Thus far we have had to depend ohiefly 
upon foreign works tor descriptions of these organisms, but it ia 
fortunate that while the higher classes of plants and animals 
which inhabit Europe, and are described in European works, 
are entirely different from their congeners on this continent, the 
same does not hold true in regard to the lower forms. We have 
fonnd localities which teemed with the Votvox Glohalor and 
various epeciea of Closiertjan, Slaurastriim, Pediaitrum, etc, 
Hydras are to be found in great abundance, and so nearly like 
the described European species that the beginner will And it 
difficult to detect the difference, Wehaverepeatedly toundthe 
Sl^anocemg, jyfe/;ofrtaaadoth6ibettatiiuVTO\cic>ww>'^\R'iW^«^, 

i M» for tba more ootsaaoa ones, encii »» '^^i* Tart'iMJi*^**! 
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r water fleas, they bM 1 



wheel utimaloaUa aod Eiili 
to bti found in every pool. 

Evtiry young microecopist that is deaironB of pnrauing his 
uludies ill tliia diretstioii, ja met at the outset by two difBcnlties; 
the first is to obtniu the objecta, the secoud ia to find oat what 
they are after he has got them. The first ia by no means a dif- 
flcnlt task, bat th«Geoond will often puzzle more esperienced 
fltudents than thoae whom we expect to be readers of this book. 
We know of bnt two ways to accomphsh it; one is the labotioos 
plan of acarching for thcra in the " Micrographio Diction- 
■y," or the books of Carpenter or Pritohard; the other ia 
I obtain the deaired information from some well-infonned 

The objeota which are of most interest to the microscopist are 
not difficult to obtain, if we know where to look for them, bnt 
they are not to be found everywhere. Many stagnant pools 
will be found to yield but a acimty supply, while otliere, whioh, 
perhaps, to the uninitiated present a less promising appearance, 
will yield a rich harveat. Beginners are very apt to entertain 
the popular notion, that ecery drop of water teema with animal- 
oules, and that when placed under the microacope, it will appear 
to be hterally filled with living things. This idea ia fostered 
by popular writers who describe a drop of water aa a globe filled 
with life, and by lecturers who exhibit pictures and enlarged ir 
ages of what they call " a drop of water, "but which is in reali^ 
a considerable quantity of that liquid which has been artificially i 
supplied with iuhabitante. Clear Wf H n'ater is almost free from J 
microscopio organisms, and the same ia true of the water from \ 
clear brooks, which flow swiftly over a pebbly bottom. Ordin- 

rain water, as found in ciatema having free commnnicfltion I 
with the air, usitilly contains large numbers of the larvffi of J 
gnats and moHqiiitoes, and when exposed to the light it is almost ' 
always rich in wheel animalcules, and some of the lower forma 
of vegetable life. The water supplied to our cities ia ii 

very rich in microscopio vegetables. Thua in the Croton 

water, which ia comparatively pure, we have found a large 

number of very beautiful apecies, amongst them the exquisite 

Monnchinm. The best way to Recure a supply of the animal ] 

.and regetabla inhabitanta of citj -^'a^^^r.^a io i^aa'* n. crminaaErarJ 




ble quantity ot it throngli n flltor, the Burface ot which will 
then fumiBh a large FUaouiit of ralaablo mntter. 

Bnt it ia not in siioh &elda that the tmcroscopiBt inll find hia 
best Iinnting grountlB. AIuDg the edges of qiiiet pools of clear 
water is the boat place for the finer Tegetable forms, such as 
the Tolvox Qiobiitor, Clonterivm, etc. If the water ia much con- 
taminated with dead animal matter or ivilh eewage, nothing will 
be found but the coarser Drganisma and noimakiiles, such as 
Paramecium. The same is true of small pools found in woods, 
or very much ehndi'd with trees, and filled with dead leaves. 
Such places are, however, the favorite haunts of the huTEe of 
insects, and alao of frogs and Tritons. The size of the poola is 
not of much conaeqaence. We remember on one occasion to 
have fonnd by the roadside in Centre County, Pennsylvania, a 
little pool which was almost filled with the larv ai of Tritons. 
The gills, which were beautifully developed, would have formed 
A gplendid object under the microscope, hut when we returned 
next day, for the piu-pose of Beciiring some, the water had dried 
np, and the larvte were all gone. 

The little pools formed in boggy ground by the footsteps of 
cattle will often be found to cuntain large qunntities of one or 
two species of desmida or diatoms It will not do to look for 
these objects in similar jjools formed in ordinary soft land, and 
temporarily filled with rain water. The ground must be nn- 
torally and constantly wet, so that the pools are always kept 
filled by the infiltration of water from the surrounding soil. 
Saoh pools, however small, nsnally contain a large number ot 
apeoimena, and it ia in such places that one is most likely t) 
find a supply of one variety unmised with any others. 

While many of the most interesting olijects will bo found 
swimming freely about in the water, others of groat beauty are 
always attached to floating weeds, sticks, etc. We have gen- 
erally been most sncceaaful in discovering specimens of this 
kind when we have placed the gathoringin alnrge glass jar, and 
allowed it to stand quiet for some time. The wal^r will then 
settle, and the objects of wliich the microscopist is in search 
Vill have time to expand, when they may be seen in a form 
Tesembling light mould, or down, attached to the surfaces of 
tJi» aolid mattcn. 
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Tbe snxf ftce of the mud tit the bottom of poada of clear yntee. 
isfrequentlj very riah in minroaoopio vegetable orgoiiiBmB. 
These minute pl^ta seem to seek the light, and to rise thiongh 
the mod which would otherwise cover tk«m, ao that by cexe- 
fnllj ecraping the surface of the bottom, we are enabled to 
procure them ia large nnmbera. 

It must, (if ooQi'Se, be borne io minil, tbnt while some species 
are found ia freah water, others are ?nar-ine, that is, they live 
only in sea-water. The best locations for finding marine forms 
are; 1, t!ie pools of o' car water, found in salt marshes; 
the sniface of the mad at the bottoms of harbors and qnii 
coves; 8, the waters of the ocean itself, as well as that of t) 
bays and coves connected with it. 

The apparatus required for capturing these various objects^, 
is neither bulky nor expensive. For hirvte and the larger 
malcules, the most usefnl implement is a small net. Ours con- 
sists of a ring of brass wire (iron wire wonld rust and destroy 
the nel) about six inches in diameter, soldered to a tin tube or 
ferrule, which tits tightly on the end of a walking cane. To 
the ring ia attached a bag of any light, gauzy materia), whieh 
poBseeses the two quahties of letting watej- ont rapidly, and 
keeping small objects in. With this net it is easy to capture 
anything from a small fish or a frog to the very Bmallest larva, 
and itia very portable, since an ordinary walking cime forms a 
sort of universal handle for this and other implements. Nest 
to the net, we find the most useful articles to be bottles. They 
should be of clear glass, so that any object contained in them 
may be readily examined by means of a pocket lens. For this 
reason weprefer what are called homceopathic phials of large size 
(half ounce and quarter ounce), and we generally oairy a dozen 
or two when out on a tramp. A fair sample of the contenta of 
a small poolia easily obtained by gently lowering the phial, 
month downwards, under the water, and bringing it cuntionsly 
to the place which is supposed to be richest in spedmens. The 
phial is then turned mouth upward, the air rushes out and the 
objects are carried into the bottle by the force of the 
onrrent of water. For small, shallow pools, the phial is 
eoayenientlj held in the band, bvA tjVwi ft* ■^o.^.ci^a (leepi 
bAsdlo 13 required, and lor IWswe wMi ftio \MAi-;^ 
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I, which is made to fit on the end oE the wodking stick. It 

consiats of u ferrule having a aenii-cjliiidrioHl piece aoldei'ed at 

,^_^m^mnimi^ right angles to it. The ferrule fits the cane, 

C^^^^^^J and the bottle is fnetened t« the cross piece 

^^^^^^^" by means of a ruljber ring — the method of 

H arranging the latter being easily understood 

1^ from the engraving. A dozen or more bottles 

■ 1 of proper size mny be token along, and they 

Fig. 55, ^'^^ BO eafiily attached to the holder that there 

is no neeesaifj tor transferring a "dip" to 

another bottle. The contents are most easily carried in the 

bottle in which tbey were first obtained. 

"When the water is too deep for a wttUdng cone, a fishing rod 
or any long pole may be uaed, and where these prove too short, 
aa in harbors, etc., a bottle may be lowered and raised properly 
bj means of strings. For tbis purpose the bottle must be 
heavily loaded with lead round the neck, and two strings muat 
be attached to it, one fastened to the neck and the other to the 
bottom. It is by the latter that the bottle must be lowered, 
but it most be raised by the other. If properly managed it 
will descend month downwards, but the teneiou of the string 
attached to the neck willinvert it, and when raised by this string 
it will bring up its contents very perfectly. 

For scraping the surface of the mud at the bottom of ahallow 
pools, we U6U the spoon shown in Fig. 56. It is simply aring of 

tin five inches in diameter and one 

inch deep. Tlje lower edge is 
" wired " as the tinsmitha call it, and 
there is a fermle soldered to the side 
BO that it may be fised to the same 
canethatisuaedforthenet. Overthe Fig. 56. 

bottom is stretched a piece of some 

thin fabric, such as thin mualia, ganze or tarletan, which is heldin 
place by a, rubber band that alips over the wire ring on the lower 
edge It is beat to make one aide of the ring eomewhat flat, so 
as to adapt it better to the fiat aurface of the mnd. When the 
pieces of cloth get soiled, they are easily replaced, and, indeed, 
in some cases it is not a bad plan to carry the mud home in. the 
nt clotba, a dozen or more of whicb, wWa ttiaii cRfaNRa^aiToB^ 
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b« eaalj paotefl in tt 
box ut small etze. One of 
the boxes need by Bohool 
olilldren for lunch boxes 
■CBwers vetj well, bnt any 
tin box with a lid or cover 
will answer. Aa it is im- 
portant that a record Hhonld 
be kept of tlie locality from 
which the dip waa taken, 
we carry a lew slips of 
parchment paper, one of 
which is pinned to each 
oloth, after the neoeasarj 
memoranda hsve been 
written upon it with a bsrd 
pencil. Onreturnioghome, 
the contents of each cloth 
maj be trausferred lo a 
separate bottle. This plan 
saves the carrying of na- 
merous bottles, and the 
water required to fill them. 
An exceedingly eoTCni- 
eut traveling fompanlon 
tor those who are food of 
eollecting, is shonn m the 
accompanying engraving, 
Pig 57 The mam part 
forms a very convenient 
walking cane of ordinary 
appearance Like many 
ashing rodi, however, it is 
hollow, and contains a sec- 
ond red by which it maybe 
extended lo twice its length 
This enables the user to 
reach the bottom of any 
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the shore. Accompanjing the cane, A, are the hooked knife, 
B, and the riug and bottle, C. Theae are msdo with a double 
Bcrew, HO that thejm&j be attached either to the euj of the 
eane itself, or to the inner rod, and in thin way we cnn have 
either a short and stout handle, or a longer and more slender 
one, as circamstunceB may rt^ijuire. The bottle is made so ae 
to screw tuto the brasa ring, aud the same screw enables us to 
fit a wooden cap on it, wLieh thus encloses the contents tightlj. 
The hook is made of fine steel, and has a sharp cutting edge, as 
seen in the engraving, bo that it ia easy to cut off a piece of 
weed, drag it out oE the water and secnre it. 

ThoHe who carry am^h a 
cane do not attract attention 

iby any unusnal parapher- 
nalia, and at the same time 
they are at all times ri'ady to 
seouie any valuable material 
that mny present itself. Sev- 
jeral bottles may be carried in 
the pocket, and screwed into 
the ling as required. 

The collector who desires 
to make a tboroagb examina- 
tion of the microscopic flora 
and fauna of any pool or 

» stream, muat not rest content 
with infinitesimal quantities 
e* material. It ia not necea- 
Barj-. however, to Jug home a 
gBUon of water for the sake 
of the otijects contained in it, 
and so fully have microecop- 
istsbeen impressed with this 
idea, that the devices which 
bare been prepared for etrain- 
^ing out the valuable portions 
^ba« almost endlesa. The best 
^^btd simplest that wa have 
^nntt jg M modiSantioB ot an 
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(iTTangemeat, desigaeil, we believe, bj Mr. Highley, and 
flgnied in Beolti's work on the mioioBcope. It oousiatB, as 
Bhowu in the eugritving (see Fig. 56), of a bag or not of 
Rome light material, to the bottom of wluch is attaabed, by 
means of twiue, or a strong rubber ring, a wi<le-montlied battle. 
Any quantity of water ma; be poured into the bag, and aU ths 
objeots which it contains will roll down the sidea of the bag 
end (all into the bottle, wliile the fiuid escapee through the 
sides. Deli en to objects are cunBoqiientlj not exposed to 
preaaure, rubbing, or anj other violence, os tbej would be 
an ordinary filter or bag, and the whole affair ia ao simple that 
nny one can make it. 

A slight modification of this arrangement will be found 
mirabl; adapted to the microa^upio examinatiou of the watev 
supplied to cities. The bag may be attached to any faucet, and 
and all the water that is need in the hooaehold may be canaed 
to pasa through it. In this case, if tlie bag be made of 
tolerably stout material, it may be firmly tied to the fance^ 
and then all the water that is consumed will be Teiythor*^ 
oughly purified. 

Another very excellent device ia the bottle invented hji, 
Mr, 'Wright, of which a modified form is shown in Fi^' 
B9, The mouth of the bottle is closed by means of 
oojk in which two tunnels are inserted. 
One of these funnels ia placed in the bat- 
tle, mouth down; the other projects above 
the cork, as shown in the engraving. The 
mouth of the funnel that ia in the bottle 
is covered with muslin or fiaunel, held iu 
place by a rubber baud, which is prevented 
by a wire ring from slippiug along the con- 
ical surface of the funnel. Wlien water 
is poured into the other funnel, it passes 
into the bottle until the latter is fall, and 
then it flows out of the first funnel, and 
ia carried off by means of a short piece of 
rubber tubing. Meanwhile, all solid parti- 
pJes are bold back by the fi\tei, fctiA aa \.Uft 
Jatter is bonzoutal and mih ttie ft\\«iriai -fi^, », 



adr^l 

atev^ 




pp 1 



3 MICT^SCOPE. 



IR-^ 



1 doffhwaiJ.", moBt objeoto of luteresit fall away iroin it, 
Buid may be found iu the water. A single bottle of this descrip- 
Ftioniseofflcient, as ttiecork iseaeily lEmoTed, eo that the water 

■ may be poured into oUipr bottles. As ordiiiiirily made aud eold, 
I "Wright's coliecting bottle is an expensive pieue of apparatus, 
I costing four or five dollars, but aa shown ia the engraving it 
K may be made for a few oents by any tinsmith. 

Where it is desirable to keep the specimens thna obtained so 

"lat they may be examined, aud their life-histoiy studied, 

Itottlca and jora of almost aJiy kind may lie iiseil, but those which 

Wyre have (onnd most convenient are wliat are known as "quiii- 

I ine " bottles, and may bo had at moat druggists. For ordinary 

T objects they are just about the right size, and aa they are made 

I of tolerably clear glass it is easy to ezamiue tUe objects throngh 

I- the sides of the bottle. A dozen or two of these Jittle aquaria 

I occupy very little space, and are easily bandied. Great care 

J mtist in general be taken to exclnde from the vessels contoin- 

[ing the finer organisms, such predatory onimoloules as devour 

■iQtem, Water fli-as, thelarvee of insects, etn., will soon make 

"j«way with the finer specimens. On this account gjvat difll- 

■cnlty is fonnd in keeping the Vohiij: Olohalor, since it is greedily 

■"devoured by various rotifers, and these are esceedingly difficult 

I to exclude. We have HucceedeJ best in this cuss by partially 

Bfilling a bottle with well-filtered water taken from the same 

Fpool OS the specimens, and transferring the objects to it singly 

BO aa to avoid transferring their enemies too. For this purpose 

the dipping tube should be um>d. Snme authors caution ua 

against mixing the inhabitants of diiferent pools, on the ground 

that being etrangera to each other they will fight. This is more 

{.fancifid than accurate, though it has a basis of truth. It ia not 

■ the cii'cnmstance that they are strangers that causes the difB- 
Fonlty, but the fact that the one is the natural prey of the other- 

Tbe same.tliing occurs between inhabitants of the same pool. 
Itmnst be remembered, however, that very slight changes in 
the conditions in which they are placed will often cause the da- 
etrnction of these objects. Thus, we have seen some very'fine 
I gatherings totally destroyed by being removed from soft, boggy 
I water to clear, hard well water. Therefore, in transferring 
^thej-snimafaor vejretablefl to an aqaarum, \\.\a"«^Vi*ici(^ 
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Uteu witU ll.e Bnmo \rater, mud, etc.. iu whieli lliey »el« oAgb 
unllf fotmil. It will H'>Tiietuucs, buwerer, be well lo Ulter tLe 
watvr BO uH to remove 1.II sucli inbabitautB ae are apt to eat up 
tho olhers. Wiiler, nwy be filtered Uiroiigli paper, 01; where fil- 
tering paper ia iiiacceHsible, Ilio Leek of a tunnel may be loosely 
{ilngged with oottoD. £v^d tliia does not quite free it from 
Doxious eggs or germN, aud we have aometimea boiled it ii 
floak ia which the objects weie to be kept The mouth of the 
finek waa then plugged with loose cotton, and when the water 
waa cold, the objecta wo wished to preaerve were introdaoed. 

^'ben floating freely in these dinunntive aqnaria, many ob- 
jects Jire as difficult to iiud aud capture aa would be a small fish 
ia a liirge pond. The microsoopiat, therefore, requires special 
means for capturing tliem, and placing them on a slide, 
this purpose cothiug serves so well as what are known oa dip- 
ping or fiebing tubes. These are simply glass tubes of different 
(liametera (from one tenth to one quarter of an inch), and of 
any eonveuieut leugtb. They are uaed by closing the upper 
end with the finger, bringing the lower end near the object (ui 
derthe water), and then nmoving the fingers from the iippei 
end. The water, in seeking to find its own level in the tube 
rushes in with great force and carries the object with it. By 
again placing the finger on the upper end of the tube, the lattCT 
may be lifted from the bottle, and the water with it, andbynlittle 
desterous management it is easy to cause the object to flow ont 
on a slide without allowing too much water to go with it. 
These tubes are made straight, curved, and with one end drawn 
to a point, but for moat purposes the straight tnbe answers best 
OS it is most easily kept clean. We prefer to grind the ends 
rather than to make tliem smooth by fusion, as the latter pio- 
cess generally contracts the opening, and renders the tube dif- 
ficult to clean. The best plan, however, is to heat the upper 
eud strongly before tbe blowpipe, and turn the edge outward 
like the niutith of a test-tube. It is then easily closed, and the 
tube is very strong. The lower end should be ground. 



rilEPABATION, PHESERVATION AND MOUNTING OF 
OBJECTS. 

These three operatioDS are eo frequently' applied as a single 
process to objects, that many writers have failed to make a suf- 
ficient distinctioB between them. Bj keeping tbe proper dis- 
tinotion oleiLrl; in mind, bowever, tha student wiU not only 
aave muoh valuable time, but he will eecnre vastly better re- 
sults. Except by those who are more anxious to increase the 
number of objects in their cabinet than the amount of know- 
ledge vhioh they possess, a very large proportion of the ob- 
jectaeiaminedwillneTer be preserved or mounted at all. This 
however, should not prevent the utmost care being given to the 
process of preparing them for thorough examination. On the 
other hand it often happens that objects which have been 
ciirefully prepared and mounted, spoil because they have not 
nlieea subjeclud to a proper preserving process. Hence the 
^■Uportance of treating these operations separately and fully. 

^F The Preparatiou and Examinatiun of Objects,— 

"it ia B common but very erroneous idea that the only thing 
that is necessary in ordt^r to examine any object under the mi- 
croscope, is simply to place it on the stage, and get it into 
i^focoa. With the exception of mounted objects, a very few 
^ncftnsparent objects — such as the wings of insects — and some 
^Kbings that ore viewed by reflected light, every substance re- 
^Haires to andergo careful preparation before it can be fit for 
^^profltable examination. A good exomple of the necessity for 
saoh preparation is seen in the common potato, apiece of vhioh 
when simply placed on the stage of the microscope, and brought 
into focus, appears as a gUatening mass, and reveals nothing of 
^Dta true structure. If we now cut from this lump, by means of 
Hb very sharp knife, an exceedingly thin slice, place it on a 
^Klate of gloss, moisten it with a httle spirit and water, or better 
^^ill, glycerine and water, and place over it a thin glass cover, it 
Till disclose to us a most wonderful and beautiful structure. The 
entire mass will be seen to be composed of cells, these cells he- 
iagSlied mill graaiUes of atajoli ot 'VMio^xa siiss. 
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Tlie operation which we have thus briefly deacribed as appli- 
cable to tbe potato, is reqiiireil for a great many other materislB; 
tor wbenever a sabatiiiiaB is to be esamiDed under anj except 
the very lowest powera, it is absolutely neoeasary to obtain it in, 
pieces as thin as poaaible, so that the light mny readily pi 
through them, and it is in general requisite to increase 
trausj^arenoy either by immersing them in a fluid, or by i 
other means. In preparing objects for the microscope. 
aim is in general to examine either the ultimate stmcture ot 
the Bubstauce under investigation, or the arrangement of its 
different parts; aud the jtroeesses which are moat available for 
this purpose may be classed under tJiree heads: 1, Mechai 
BuoU as aecti on-cutting, dissection aud injection; 2, Chemi< 
such as the use of iodine for detecting starch; of alcohol 
hardening certain stinictTires; of coloring substances for 
ing germinal matter, etu. ; 3, Optical, such as the t 
whereby certain liquids cliange the transparency of some 61 
jects. Of some of these processea, auch as injectit 
and the extended use of chemical teats, elaborate descriptioi 
would be required in order to enable the student to carry th< 
out with fluccees, and we must refer liim to the works of B( 
and Frey, whinli are very complete on these points. 

Thin sectiona of any soft substance are easily mads with 
very sharp knife — a good razor being probably tlae best 
ble iustrumeut. Fur work in the higher departments of 
Bcopy, and for the preparation of line objects for sale, epedil 
instrimii'nts known as section-cuttera are employed, but for the 
ordinary work of investigation, they are not absolutely neces- 
sary though very convenient Using a good sharp 
an eusy matter to shave off any soft subatouce a wedge shaj 
piece, the edge of which thins ofT to nothing, and which pi 
seuts in its difl'erent parts all varieties of thicknefu, so as to nfic 
a perfect opportunity to study the object under examination, 
this way, which is known as the "free-hand" method, suitable 
sections of most auimal and vegetable substances may easily be 
prepared, and the student will be surprised at the dexteri^ 
which a little care and practice will confer. 

For cutting sections of very soft tissues a special knife, kn< 
an Yaitutia's tuife, lias Vieoa ui.\eu^e4, 



tin— 

3| 



M 



1S9 

bladuB so aiTEinged in one handle tliat tlieir diBtoace bum eacli 

(jtlier may be easily regulated. When & cut ia made with this 

double-bliuled knife, a tliiu atice of the tissue poasfiH between 

the blades, and constitutes the section. It ia »ii iuiiti'iunent, 

however, which will hardly be used by lieginners. Sections 

of Bubstanees of greater consiBtence, such as wood and soft 

bones, are most easily made in a regular section cutter. The 

patterns accurdiug to which theae instriuneuts are constmoted 

ore veiy variuus, but they all act on the principle of raising 

AboTfi the eurfuee of a brass table, by means of a flue screw, the 

substance to be out, and then passing a very sharp razor or 

kuife over the table so aa to shave off the projecting part of the 

object. The table is usually of brass, grouud aud polished. 

This gives rise to two serious defects. The metal is too soft in 

the first plane, so that it is impossible to preHs with sufficient 

force on the razor without outLiiig into the table, and secondly, 

when any soft metal has been ground ou a grindstone or emery 

wheel, the surface becomes so impregnated with gritty matter, 

kitfiat it very rapidly destroys the edge of the cutting tooL We 

Old these difGoulUes by fitting to our section cutter a stont 

late ot hardened steel, the surface of which has been highly 

olished by means ot bufl' leather. Quekett deecribes a cut- 

Eng machine in which the difficulties we have mentioned are 

Mbriated by fixing the knife iu a frame so that it is raised abore 

Sietiible, and does not touch the metal Its edge is tbns pre- 

Bserved from injury, and the blade iteelt cannot be nfiected by 

uiations in the presaure exerted. Dr. Curtis, of this city, has 

Badopted the same principle in his section cutter, the details of 

^hich are admirably carried out 

; In making sections of wood and similar substances, the spoci- 
H first well soaked in dilute alcohol, and is then fasl«Jied 
irely into the tube of the section cutter, either by wedges or 
J casting wax or paraffin around it. The process of raising it 
B of the screw and pB.ssing the knife over it, is simple 
longh, and can easily be leained. 

With the ordinary cutting mat;hine, suocess in making thin 

Motions seems to depend upon the perfect sharpness of the 

tatting «dge, the thorough moiateuing of the knife and section, 

mi ibo rig'idjfj' ol (lie blud^, 1\ie Utei ■jttS.'iA ^tw^^^-sSv-iV^-^?. 
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to receive tlie attention that it deserves. WLere a tlun, i 
Ue blade is need, a moderate change in tbe amount of i 
employed will make a great difference in the thickness of thd 
BectiuQ, even so fur as to double it. When the blade is stiffs ■ 
change in the degree of preaanre has but little e 

Boft Eubetaacea must first be hardened either bj u 
in alcohol or other menus, ajid in general mnst be supported t^ 
being siuToonded with melted wax or paraffin. Where t~ 
specimen ia vcrj slender (such as a huirj it must be careful^ 
supported between fii-m and rigid clamps. Corks and simiL^ 
jieldiug substanoes, wLieb are recommended in moat booki; 
never give a croaa aeotion acaurat«1j taken at right angles. ThB 
same ia trae of the pluu so mnch recommended for obtaining 
seotiona of hair, viz. : to pass the razor over the face shortlj^ 
aiter shaving. We get sections it is tme, bat the; are 
obliqne. The best wnj to get true sectionsis to imbed the si 
stances iu glue, gum, paraffin, wax or some suoh materiaL 

Sections of lioue are prepared by aawing off a thin slice in thi 
first place, and cementing it to a slide by means of thick o 
balsam; one side is then filed or grouud Sut, and polished o 
bnfi leather, after which the section is transferred to onotha 
slide BO as to espose the other side, which ia then filed dowl 
and polished as before. Oreat care mnat be taken so as to 1: 
just the right thickness, and the operation of cementing to t] 
slide most be performed expeditiously, so that the balsam m^ 
not saturate the section, and render it too transparent, as -wLtf 
this occurs certain very important features become invisibis 

Very hard substances require special apparatus, and cons: 
erable skill. Still it is astonishing what may be accomplish 
by means of good files, whetstones and grindstones ia Uie w 
of preparing thin and transparent sections even of snoh be 
stances as rocks and stones. 

In order to acquire correct ideas in regard to the struotnre b 
objects, of which sections are examined, the student ithoald fi 
miliarize himself Atith the geometrical forms prodnced by oi 
ting cylinders, cones, spheroida, etc., in various direotiona 
Thus a cylindrical ves.sel, cut square across, shows acirQle;whei 
cjit oblignely it shows an oval (elli^ise] of gi'eatcror less lengtli 
fijjd when cut longitmUaaUy it aho'Na Vao '^ea ■^\ii^'W^%'!i 
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it connection with each other. The Inith Ih, however, 
thftt we Bboald never deduce the form of vesaels from ae(;tio[iii 
alone. In everj case it is necesBarF to esumine carefully dit- 
tested preparations as well as section.' 

The aoft parts ot animals and Tegdtablea are frequently pre- 
pared for eiumination by careful dissection, that in to aaj the 
different parts are separated from each other, and freed from ex- 
traneous matter by means of knives, BcisaoiH, forceps, needles, 
camel hair poncils, etc. The knives nsed by the microscopist are 
similar to the scalpels ordinarily employed by anatomistB, but 
smaller, and unless very finely tempered and well-sharpened, 
they are worthless, The knives sent out with low priced micro- 
scopes are tngeneraltheveriesttraeh, audtbeHameistrueof the 
needles. There are three kinds of aoissors which the microscop- 
ist will find useful — plain, straight scissors, elbow scissiDrs, and 
unrved scissors. They must be small, sharp and well made. But 
the most useful, as well as the simplest instruments for disseoliug 
are a pair of needles, or, rather, & needle and a vety fiue 
spatula. The needles usod are those ordinarily employed by 
BeamBtreases; they should be flsed in a light wooden handle and 
oorefally polished. The latter is a most important point, for 
it will be founil that ordinary needles are too rough foe deli- 
cate work, as may be easily seen by examining them under the 
Tnieroscope. For microscopical purposes needles are made 
both straight and curved — the latter being a very usefnl form. 
In order to bend a needle, it must first be heated in the flame 
of a candle, then bent by proper pliers, after which it must be 
carefolly re-tempered. There is little danger of getting it too 
hard, provided it is not bomed. After being hardened it must 
be carefully re-polished. The handles should be light and 
smooth. Ordinary penholders make good handles and coat but 
a trifle, but in caae of need any piece of straight-grained, light 
wood win answer. ITntversal handles, handles with ferrules, 
handles wound with thread, etc,, look as it they were not com- 
mon artioles, and are purchased by many, but no working mi- 
\ CT OSOOpiat would give them table-room. All the so-called uni- 
^bezsftl handles in market are too clumsy and heavy. 
^^B Xn using needles or knives for dissection, they are general'y 
^^vtd japairs, thut ia the right Wud \)g\a%^iK«^\'^tV»A\&-{, >" 



cutting, while the otie in the left hand is need for holding 
oliJMt finul; in its pluce. For the latter purpose, however, 
prefer a Ter^ nnrrow Bpatula, oimed and highly polished. 
Curved needles, with the onrve placed flat, answer yeiy well, 
however. 

Tor the removal of loose matter, and for arranging parts 
which have been dissected out, there is nothing more useFnl 
than good camel hair pencils. Indeed, they ore indispensahle, 
iiutl with needles and pencils — two of tha simplcHt and cheapest 
urtides — it is possible to do almost everything. 

During the procese of dissection the object must be supported 
npon Bgl)tssplateoradiBBectiiigpan,accordingtoitBsize. Some 
of the finest preparations have been worked np on ordinary slides 
three inches long bj one wide, and as it is ohnost always neces- 
sary to have the object covered with liquid, a single drop snf- 
fices in tkis case. Bat where larger objects are to be dissected, 
ordinary slides are not large enough, and besides there is no 
provision made for holding a suflicient quantity of liquid. 
Various kinds of dissecting dishes or pans have therefore been 
devised, Those nsed by the author are exceedingly simple 
and cheap, and are shown in Fig. 60. We nse three kinds, 
two with opaque bottoms, and one 
iu which the bottom is traosparent, 
The latter is used for objects which 
are transparent, and is pretiisely like 
the others, except that a portion 
Fig. 60, of the metal bottom is cut away and 

a piece of plate glass cemented over 
the apertnre. Those used for opaque objects are simply 
ohlong tin dishes, each two inches long, one and a quarter 
wide and half an inch deep. The bottom phite extends on each 
side, so as to form rests tor the fingers, by wliich the pan may 
be kept steady. Into this pan is poured a misture of equal 
porta of reain and beeswax, softened if necessary with a little 
lard. It should be jnst so soft that a pin may be easily stuck 
into it, and this affords usthemeansof pinning out the different 
pitrts of B dissection as we progress, In one dish the wax is 
colored black vrith lampblack, and this forma a wonderfulfag 
effective bpct gronpa tot moat otj^ecte-, ttve was in the oQd| 
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pan IB white, chalk or sulphate of baryta being substituted for 
lampblack. The pim with a transpareut bottom is of prcciselj 
the Bame size, except that the depth is but hulf aa much— the 
extra depth in the other pan being filled with wax. A quarter 
of an inch ia a sufficient depth of liquid for most objects, and 
when the sides of the pan are higher than neeessaij they inter- 
fere with the use of knives and needles. 

Dissections muyalso be carried on ia watch-glasses, though they 
are not quite as convenient as pans with perfectly flat bottoms. 
The kind known as luneile glasses should be chosen, as they 
are flat in the centre. When a natch-gbss is nsed for this pur- 
ptwe, it is necessary to cement it iuto a hole cut in a thin piece 
vi wood about four inches long, and of a width ^thich is rather 
greater than the diameter of the glass. 

Most of this work is, of course, done under a simple micro- 
scope. The Excelsior, when screwed to a h^rger base, aa de- 
scribed on page i2, answers very well. Larger aii J more es- 
pensive dissecting microscopes are supphed by most opticians, 

la addition to these general methods, 'ivhich are applicable 
to a great variety of siilijecta, there are a few special processes 
which must be adopted in particular oases. Ia some instances, 
aa when the line of investigation is a new one, the microscop- 
ist mast work out his own processes, but the following special 
oases will probably prove interesting to beginners. 

It frequently happens that the olijecta for which the mioro- 
Boopist is searching are found ndsej with coarser materials, 
and in tliis case it will be found possible to effect a separation 
by the process known as dutriatimi or waaliing. Mis the mat- 
ter thoroughly with water in a tall jar and allow it to settle. 
In a short time — say one minute — the very course particles will 
have fahea to the bottom, and if the liquid be now poured off 
mid allowed to settle, the finer portion will be found in the 
second vessel. By graduating the time and carrying the pro- 
cess out to its full extent, a wonderfully perfect separation may 
be effected. Diatomaceous earth may frequently be treated in 
this woy to advantage. 

Id eome cases separation must be effected by buraing, or the 
action of chemical agents, Ouano end various organic niattei:« 
yidS fptereating residwes aUei- eyeTjt^iia^ 6o\NiiiVft Vw.'Xi^'sa. 
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wnalied awaj and everytliing cambustible haa been bumt dtlier 
' .li fire or nitrio acid. Su too the siliceous cutii;les of plants 
umy be procured by deatroying all the other parts by chemieuJ 
means. The best way ia to heat them in nitric acid, and add 
to. the hot liqaid a email quantity of powdered chlorate of pot- 
ash. The qminfities uaed must be very smidl, and great cars 
most be exercised. 

[t is frequently necesBary to separate a small quantity of 
deposit from a large amount of liquid, filtering being inadmia- 
Btble. For thia purpose use a conicjil glass or a large test tube, 
allow plenty of time for the deposit to settle, and give occa- 
sionally a ehght etir, so as to detach the particles from the 
sides of the vesseL Then paaa a large dipping tube (one quar- 
ter of an inch in diameter) to the bottom, the upper end of the 
tube being closed with the fl.uger. On withdrawing the finger 
the liquid and deposit rush in. Have ready a small ball of 
soft cemeut (resin and beeewftx equal parts, softened with oil) 
and with it close the upper end of the tube, which may now be 
withdrawn, carrying the liquid with it. Place the tube iu a 
vertical position, with its lower end on a shde or in a watch- 
glass, and support it either by means of the ring of a small 
retort stand or by a simple wire having a ring (horizontal) at 
the upper end, and a small piece of board for a foot, Beale 
directs us to cork the tube, but Hijh is diHicult unless the tube 
is made specially for the purpose with a mouth like that of a 
test tube. Tubes made in this way are, however, the most con- 
venient, and a good velvet cork closes them perfectly. 

There is a class of insect preparations, whioh are quite inter- 
esting, though they are not a3 instructive as inferior prepara- 
tions laiiAe by the process of diaaeotiou. We refer to the whole 
insects toned in most oolieutiouH. They are prepared by soak- 
ing the insect in liquor potassfe, which may be had from any 
druggist; this renders the internal organs soluble and the outer 
horny skeleton transparent. The viscera are then expelled by 
pressure with a camel hair pencil, theinsect well wusheJinpure 
water, soaked first in alcohol, and then in turpentine, and 
finally monuted iu balsam. The puiuts requiring attention are 
these; ytwikingjust the right length of time in the potash, for if 
lie jBseot remaias tyti long iuliiialioj^iX ^ili.' 
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mg plenty of time for th« alooliol to (IbpLiue the water, 
1 for the turpentine to displaoe the nJcohoI; aud tUBimpula- 
ting the insect with great care, so ua not to break any of the parts. 
The eyes of insects are prcparfd by iiiiiecratiiig them in very weak 
sotash, and, while stilL soft, pressing Ihem between two slips of 

" If allowed to harden before being pressed they will 

Split at the edges. The handsomest preparations of eyes are 
obtained by taking a thin slice front a large eyo, such as that 
jot a dragon fly, and treating it as directed. 

The feet of iuaeets are in genera! easily prepared. Moderate 
loakingia potash, careful washing in water, thorough soaking 
in alcohol and tarpenline, and careful management in properly 
displaying them on the slide, are the srcrets of snccess. Tin.' 
fltadent who wishes to make a careful study of these objectE, 
:, should place them in glycerine, after soaking them in 
potash and thoroughly washing them. They should of course 
be deposited in a oeU fliled with liquid, and then oovered with 
tliin gloss, and examined. The so-callifd tongues, etc., of in- 
«ects require no potash, l)eing sufhciently trunsparent without 
it, and after being soaked snceessively in alcohol and turpen- 
fcie, they may be mounted in balsam. When wanted for eiam- 
inatiou merely, immerse tliem in dilnte glycerine, and if the 
^d en t can succeed in mounting tliem in cells, in glycerine or 
lOmeof the gelatinous media hereafter described, they will show 
^eir structure to fat better advantage than in balsam. 

In determining the character of what is brought into view by 
tlie processes detailed, great aid will be derived from the use 

f chemical tests. Thus, in the ca'ie of the potato, previously 

{escribed, most persona who had read anythingat all upon such 
kobjects, would recogiuKO the starch grnnules. All starch granules, 
bowever, are not of the same form as those found in the potato; 
e would hardly be recognized at all, except by those 
tiaviog considerable experience. But if a little of the tincture 

[ iodine be brought into contact with them, they at once be- 

9me deeply blue. This subject is too extensive to be dis- 

iHsed here, but those who desire to become proficient in the 

se of the microscope cannot safely neglect it. 

Jn most oases after an object has been carefully brought into 
tpppamecbanioal condition, in oTie ol ftja -ww^a ^^ 



Mribed, it is ti^MtMary to immerse it in some suitable tnejlini 
ftu M to n-uiler it clenr and tranepurent. The action of e 
medift maj be very well iUuatrated by the (ollowing experiment;" 
r*ke a ebort piece of bln«k hnmaa hair, plane it on a slide, 
bring it into focus and esamine it. It will appear as a dark 
cord with a light line nmning down the centre, and from this 
cireilmBlanee has arisen the erroneona popnlar idea in regard to 
the tnbulnr stractnre of hair. Apply a drop of glycerine di- 
luted with an equal bulk of water, and again examine it. The 
appearance will Lave entirely changed, Laving become clearer 
and more definite, so that the slructiire of the hair ia mora 
easily made out This effect depends upon the refracting power 
of the liquid nsed. The following liquids are uBnuJly employed 
for this purpose, their efficiency being in direct ratio to their 
inder. of refraction, which we append to each. Water, 1,336; 
glacial acetic acid, 1.38; alcohol, 1.372; vitreous hnmour, 1,340; 
sea-water, 1.343; equal partsof glycerine and water, 1.40; pure 
glycerine, 1.475; oil of turpentine, 1.478; Canada balsam, 
1.532—1.549; Umilphide of carbon, 1.678; oil of annis, 1.8U. 
Alcohol and water, and solutions of various salts in water are 
also very iiaeluL WLen a pure article of glycerine ia nut avail- 
able, ft solution of white sngar may benaedwith goodreanlta. 

Great cure must be exorcised lest the fluid that ia added 
should change the form or Htmcture of the object. Upon this 
snbjectthe remarks of Freyareveryjudicioufi. He says: "Theory 
requires that each constitnent of the body should be examined 
in a fluid medium which resembles in respect to quality and 
quantity, the fluid which saturates theliving tissue. Natoiallj 
this requirement cannot be completely fnlfiUed in praotioe; oni 
aim shonld be to approach it oa oenrly as possible. Saliva, 
vitreona humour, amniotic liquor, aerura and diluted albiinien 
are generally recommended as suitable media for the investiga- 
tion of delicate changeable tiaanea, and, in certain cases, they 
accomplish their object in a Hiitisfaotory niimner. Bat do not 
expect them to sufBce for every case. Nut unfrequently one 
and the same tisane of different species of animals reacts diflbr- 
ently with the same fluid medium, as may be seen with th* J 
hlot>d corpusales. M. SchulUe boa communicated to n 
peaiant and readily proved obaerva-tioTv »A "i«.ii&dB;», "ii^ « 
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Salflilids may be preseired from decomposition for a long timn 
wily the addition of a small piece of camphor." 

ScliTiUze recommends as a neutral fluid, suitable for most 
' tissues, a liquid wliicli he calls "lod-semm." Itconsiats of the 
amniotic fluid of the calf, to vhich has been added a concen- 
trated tincture of iodine or b, strong solution of iodine in the 
profMirtion of six drops to the ounce. The color of the solution 
,t first wine yellow, but after a tew hours it becomes paler; 
IB paleness afterwards increases, and the subsequent addition 
a few drops of the iodine solution becomes necessary. As 
e amniotic fluid is not always attainable, a good Bubatitnte 
■ maybe prepared by mixing 1 ounce white of egg, 9 ounces 
■irater, and 40 grains chloride of sodium, with the proper pro- 
k portion of tincture of iodine. 

During the entire process of preparation, the greatest attfln- 
n unst bepaid tocleanlinesR. Particles of dust, which to the 
massisted vision are invisible, become ofiensively prominent 
tnder the mi;-roscope. To exclude these, and to protect the 
i, it is important that the latter should be kept carefully 
d when not actually undergoing some operation. Small 
11 glasses are recommended tor this purjiose by Dr. Carpenter, 
c admirably. We prefer, howeyer, as being 
c and less bulky, wat<:h glasses to which a handle has 
been cemented as shown in Fig. 61. The 
handle may be a little knob, turned out of 
a piece of wood, or where this is not conveni- 
ent a small cork will answer. A little sealing 
was serves for a cement, the watch glass be- 
ing heated before the was is ajjplied. Flat 
itea of glass answer well to cover the dissecting pans previ- 
(ly described. 

When a number of objects are to be protected for some time, 
ice them on a pieoc of plate glass eight inches square, 
each with a watch-glass cover, and protect the whole by 
I of a bell jar with ground edges. The latter fits closely 
plate glass and excludes everything, ■while the small covers 
:t the individual specimens when the large cover is raised 
purpose of getting at them. 
i/sr mistakea have arisen from flia Ibb\. •iW'^ Vswsi^i, 
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IxKlies wbioh liave aocidentnllj foniid tiieir way iuto a pnpM 
tioQ have been mislakeu lor piirt of the apfcim 
vuj to avoid aimilnr errors is to exclude all snch intruders 
meuDH of proper covers, sod to beuome familiar witli t 
tliHt thej may be instantly ret^ogoized 'wben present. Dr. Bet 
gives the following list as those that are moat apt to find ti 
wayinto the preparations of the microscopist: Oil globule 
milk; starch from the potato, wheat and rice; bread c 
feathers; worsted; fibres of Ahx, cotfon and sillc of differei 
colors; human hair, cat's hair and hair from blankets; the ai 
of liuLterflies and moths, particaliirly those from the comcru] 
clothes moth; fibres of wood, fragments of tea leaves, hait 
from plitnts, vegetablecelltilnrtissne and spiral vesaelB;pftrtiol 
of sand. The ourious circnmstanceB nnder which snch bodifl 
will find their way into a specimen was recently illustrated in 
author's experience. In a liquid enbrnitted for esaminatioi 
and said to be pure, he found foreign matter. It proved to li 
1>rick dust, used to clean the tin funnel with which the ^ 
was filled, and which had been washed in by the passage C 
the fluid. The student can have no better e " " 
examine these intruders and famiharize himself with their a 
pearance. 

Preservative ProccBBeB.— The object of all ] 
ttve processes is to prevent any change either in the i 
or composition of the object. An object may be most perfect^ 
prepared and leuulifnlly monnted, but if it be not so treatfl 
aa to preserve it from change, thelabor thus expended is wasted^ 
fiB regards the preservation of a permanent record. And j 
hov many objects there are that we would like to keep ffl 
future examination and comparison, or to shoi 
This department of the treatment of objects is, therefore, < 
great importance, and siicceiss in it can only be obtaine 
through a Iborough understanding of the principles involve 

There are four methods in common use for the preservatid 
of perishable animal and vegetable substances: 1, Constant ej 
posure to temperature considerably below the freezing point C 
water; 2, Ilie perfect esclnaion of air; 3, reduction to a state o 
eomplete dryness; and 4, the emgio'jmBiAoV ceAusm ' 
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BAouapoimd, The tliircl ami fourth are flio methods oaiially em- 
BSllored in microsoopy, bnt the same principles wliich renclBr tlio 
■eecond method ao sucoesstiil in the preservation o( etinaed friiita 
Baud meata, deaerve tlie attention of the microscopist. 
[ Drying, aa ft preaervativo proceaa, can be applied to bnt few 
Bspecimena, chiefly transparent insect preparations, and op&qne 
Fobjecta. Blood and aimilni' m itters are also Bometimas pre< 
Kserred bydrying. Such preparations are ao easily dried that 
Wbo special directions are needed. Warming them over a lamp, 
mvt preferably oq h water-bath, before applying the thin glass 
ReoTer (aa directrd iii the section on monnting objects) ia al- 
Pmost always anfficient. Where the specimen is liable to be iit- 

■ jnred by heat it may Vie dried by placing it over aiilphnric oeid, 

■ Bad coveringboth acid and preparation with a bell jar having 

■ ground edges and resting on a perfectly flat plate of glaaa. The 
Vftcid soon absorbs all the moiature and renders the object perfectly 

■ dry. Where a cell is used for lut opaque object, and dryness is 
P eeeentiol, great care must be taken to make the celt impervious 
I to air, otherwise dampness will be sure to penetrate, and if the 

■ ol^ect be of animal or vegetable origin, fungi will be very apt to 

E»w on it. We have found cells of cardboard peculiarly 
ble to this delist, and sucb cells should always be thoroughly 

■ saturated, and coated with varnish, such as gold size or Canad.i 

■ lialsam. 

■ The great dependence of the microscopist, however, is in the 
■"employment of certain preservative media, of the most impor- 
I tant of which, the following ia a list: 

I Cahada BaiiSau. — Of fill the media employed for themount- 
[ ing and preservation of objects, Canada balaam ia undoubtedly 
I -themost generally useful, audit ia probable that more objeota are 
I moantcdiu thia material than in all the other media put together. 
I ^apreser«'I'^ceit is perfect, and its action in rendering many 
i objects transparent and clearia often of great value. Frey tells 
I us that " several sorta of Canada balsam occur in commerce. 
I To be good it should be of thick consistence, nearly colorless, 
L Mid thoroughly trnnaparcut. " One difficulty, however, is that 
KiaBnch of the Canada batsam that is sold is factitious, being 
[tnade of cheap resins dissolved in impMTD tor\ifetil'A\ife, "Srajift. 
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balstim «oou becomes cluudy, ami is yerj apt fo cniok. 
Ihnl is too higbl; colored maj be bloacboil by expoaitre to snc- 
light— a proceae appbed by most opticians to the babamuaed 
by tbem for eementlug the lenses of acbromatiu combinationa. 
Balsam when new ia quite fluid, too much ao, indeed, for the 
mounting of most objects. Ou the other hand, old balsam is 
tliiuli, uudia apt to cntck. MicroBcopiata generally keep balsaBi 
ill wide-moulUed bottlea, and take out what ia wanted by meana 
of B gluss rod. As the process o( evaporation, which makea 
balsam thick and viscid, goes on more slowly in narrow-moatlied 
bottles, we prefer the liittor. and traoBrcr the bidaom to the glass 
slide by means of a. fine wire with a small loop at the end. TLa 
wire ia passed throngh a cork, or preferably a wooden stopper, 
and descends to such a depth as to be just below the surface of 
the bulsiim. As the lattei is used up, the nire is pushed down, 
and if cemented in its place by the balsam, ulittls heat soon frees 
it. The latter remark appliea also to the wooden stopper, which 
is very apt to stick in the neck of the bottle. A very slight ex- 
posure to the flame of a spirit lamp is aufllcieiit to loosen it. 

Solution of Bai-sam. — When the objects that are to be pre- 
seired in balsam would be injured by the heat necessary to 
melt it, it is advisable to use a solution of balsam in ether or 
chloroform. The balsam used formaking the solution should ba 
old and thick. This solution is frequently sold with the label, 
" Balsam for use without heat." 



GoiiOFHOiiY. — Thiersch recommenda a solntion of roain at 
colophony in abaolute alcohol. The advantage which this ma- 
terial presents is that the preparation may be plaeed in it di- 
rectly from the absolute alcohol, without becoming cloudy, 
and without prejudice to the diirabihty of the specimen. He 
advises the microscopist to prepare the colophony himself from 
Venice turpentine, which is done by dissolving it in an equal 
volnme of ether, filtering it through paper, and evaporating, 
nntil, when oold, it breaks with a conchoidal fracture. The 
material that remains is then to be dissolTed in abaolute alco- 
iol natil it is of a ajrapy 
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Dahaie Mbdium. — Gum damar has been lecentlj' introduoed 
ongat the taateriale used bj mioroacopistB, and with aome it 
haa found great lavor. Carpenter speiiks highly of it. Dia- 
toms are said to eiiow better ia it than in biilsam, and for 
delioate phyeiological preparations, eepecially transparent in- 
jections, it is very escellent. It ia thus prepared: Half an 
ounce of gum damar ia dissolved in one ounee of oil of turpen- 
tine, and half au ounce of gum mastic in two ounces of chloro- 
form. The solutions are filtered and mixed. 

Ordinary dnnuir vamiah, such as is used by painters, is aome- 
times sold for microseopical pmpoees, but it does not give 
satisfactory reHulta. 

Preparations which have been preserved and mounted in 
balsam or damar are very durable, while those that are 
mounted in fluids are a source of oontinnal annoyance and loss. 

Uanj microscopists, therefore, exclude from their cabinets 
all preparations mounted in hquid on the gronnd that sooner 
or later they will become wotthlesiS. And many of our best 
dealers refuse to have anything to do with thorn. Neverthe- 
less, as Frey well says, " the natural condition of the tisauea ia 
completely represented only when mounted in a moist oondi- 
tion. This method permits of the most accurate recognition of 
delicate textural relations, pale cells and fibres, etc., and should 
not be omitted with any tissue in the production of histologi- 
cal coUections. " 

GnTCEmirB, — At the head of the list of preservative media 
for moist preparations stands glycerine. "Its strong refrac- 
tive power, it£ property of combining with witter, and of at- 
tracting the same from the atmosphere, render it an invaloa- 
ble medium for mounting animal tissues containing water. 
It may be truly said, that what Canada balsam ia to dry tissues, 
glycerine is to moiat oaea." — (Frey.) Much of the glycerine in 
msihet ia very impure, and although tiie impurities do not 
show themselves very strongly at first, they soon become mani- 
feBt by the darkening of the hquid, (owing probably to tiie 
presence of lead), and the formation of a cloudy precipitate. 
J)t. Beale strongly recommends Price's glycerine, and we have 
found it very eicellent. 
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When employed bo a preservaliTe, gljrcerine 
pare or diluted, Eiocording to ciicmostanceB. Equal psrts of 
glycerine aiid wntcr forma verf exceUent medium for most 
olijeots. It is alleged, however, that fungi are verf apt to grow 
in gljroerine ivnd ita solutions. We are inclined to believe 
that this may be avoided byadoptiiigthe precaution detailed 
»t the end of this eection. We have now before ns specimens 
that were monnted in pure glyoerine and water, eighteen years 
ago, anil tJiL'y ore still quite perfect If, however, there should 
be any danger in this direction, the addition of a little camphor 
will prevent the evil. Glycerine eierta a powerfully solvent 
action on many salts, particnlarly salts of lime, such ea the car- 
bonate, and hence it is employed for preventing scale in the 
boilers of steam-engines. This property renders it dangerous 
to use it for the preservation of struotures containing Ciim- 
pounds of lime. 

Glicebine Jelly.— The original directions given byLaw- 
rance are as follows: " Take any quantity of Nelson's gelatine, 
(any good gelatine will answer, however,) and let it soak for 
two or three hours in cold water; ptour off the superfluous 
water, and heat the soaked gelatine until meJted. To esjJi 
fluid ounce of the gelatine add one drachm of alcohol, and mix 
well; then add a fluid drachm of the white of an egg. Mix 
well while the gelatine is fluid but cool. Now boil until the 
albumen coagulates, and the gelatine is quite clear. Filter 
through fine flannel, and to each fluid ounce of the clarified 
gelatine add six fluid drachms of Price's pure glycerine, and 
mix well. For the six fluid drachms of glycerine a loixture of 
two parts of glycerine to tour of camphor water may be eab- 
Btitttted." 

Glycerine jelly is a very excellent medium, and is easily need. 
At ordinary temperatures it is quite solid, but when slightly 
heated it melts, and may be used like balsam, directions for 
mounting in which will be found in the next section. Objects 
that are to be mounted in glycerine jelly should be soaked 
lutil thoroughly saturated with a misture of 7 parts glycerine, 
6 parts water, and I part alcohol. It is also well, after immers- 
I JBgtheai iu the melted jelly, top\acaUvei>.Udfttot a short time 
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on a water bath heated to about ISo" Fah. The jelly then pen- 
etratea every part of the preparation. 

When intended for nse in very warm olimatea the proportion 
of the geUtiue to the other ingredients shonld be increased. 

Hantzbch's Floid, — Vary beantifnl preparations of deUoate 
Tegetable forms have beeu prepared witli this lifjui 1, even the 
coloring matter being left unaltered. It cousists of 3 parta of 
pnre alcohol, 2 parts of distilled water and one part of glycer- 
The object, placed in a cell, ia eovered with a drop of 
this liqaid, and then set aside under a )jh11-{{Liss. The alcohol 
and water soon evaporate, so that the glyceriue alone is left, 

id another drop ot the liquid is then to be added, and a 
second evaporation pennittiid; the process being repeated if 
necessary, until enough glycerine ia left to fill the cell, 
which is then to be covered and closed in the usual manner. 
We have used this liquid with gratifying success. It ia easily 
prepared, is cot difficult to use, and it gives very excellent re- 
sults. 

GLTCBKmE AKi> Gum. — Of this medinmCiirpenter says: "For 
many objects that would be injured by the small amount of heat 
required to melt Deane's gelatine or glycerine jelly, the gly- 
oerine and gum mediam of Hr. Farrants wiU be formd very 
nsefiiL This is made by dissolving i pLtrts by weight of picked 
gnm arable in i parts of cold distilled water, aud adding 2 parts 
lOf glycerine. The solution must be made without the aid of 
i, the mixture being occasionally stirred, but not shaken, 
Yrhilst it is proceeding: after it has been completed, the liquid 
|.«bouId be strained [if not perfectly free from impurity) through - 
iftne cambric previously well washed oat by a curriint of dear 
^sold water; and it should be kept in a bottle closed with a glass 
■topper or cap (not with cork), containing a SuuiU piece of 
camphor. The great ailvantage of this medium is that it oan 
be used cold, aud yet soon viscifieH without crac-king; it ia well 
suited to preserve delicate animal as well as vegetable tissues, 
and in moat cases it increases their transparency. 

Deahe's GEI.A.TINK. — Before the introduction of glycerine 
Jelly, Deane's gelatine was a favorite medium, and >se etiU i3i»& 
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it vith sneeess. Take gelalinc, 1 oniK^e; honej, 5 ooncoe; 
water, 5 ounces; reotifled spirit, 1 ounce; creosote, 6 drops. 
Boak the gelatine in nalpr until soft, and then add it to tlie 
honey, whifh has been previouslj' raised to a boiling heat in 
another vessel. Then boil the mixture, and when it lias cooled 
Bomewhat add the creosote mixed with the spirit. Lastly, fil- 
ter through fine flannel. Wlien required for use, the bottle 
containing the mixtare must be slightly warmed, and a drop 
placed on the preparation upon the glass slide, which should 
also be warmed a little. Next, the gLiss cover, after ha-ving 
been breathed upon, is to be laid on with the usual preoau- 
tions. The edges maj be covered with a coating of Bmns- 
wiok black. Care must be taken that the surface of the 
drop does not become dry before the application of the 
glass cover; and the inclusion of air-bubbles must be corcfally 
avoided. 

AijCobol. — Mixed with water in various proportions, alcohol 1 
forms one of our best preservative liquids, for both animal and I 
vegetable substuncea. The chief objection to it is the difficulty 1 
with which it b retained in the eelL 

Thwaitb's Fluid. — Take water, 16 ounces; alcohol, 1 o 
creosote, sufficient to saturate the spirit; chalk, es much as may 
e neceasni^. Mix the creosote and spirit, stir in the chalk 
with the aid of a pestle and'mortar, and let the water be added 
gradaolly. Neat add an equal quantity of water saturated with 
camphor. Allow the mistiire to stand for a few days and filter. 
Used fur preserving desmidite, and also animal substances, 

Bbalb's Liqrto. — Creosote, 3 drachms; wood naphtha, 6 J 
aunoes; distilled water, 64 ounces; chalk, as much as necessary. ' 
Mix the naphtha and creosote, then add as much prepared I 
chidk as may be sufficient to form a thick, smooth paste; after^ 
wards add, very gradually, a small quantity of the water, which I 
must be well mixed with the other ingredients in a mortar. 
Add two or three small lumps of camphor, aad allow the i 
ture to stand in a lightly covered vessel for a fortnight or three I 
weeks with occasional stirring. The almost clear Hupematont I 
fluid may tlien be poured off and filtered it necessary. It t^ould 1 
be kept in nTU-corked or etoppeieA\)ott\ea, 
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Goadby's Fltiids. — Goadby used two diatiiict fluids, desig- 
inated hj letters A and B, the difTereuce being that ahim was a, 
oonBtitnent of one and not of the other. Of both fluids there 
TTete eeTeral degrees of strength, which were designated by 
UnmfaerB, A flaid, as nsoRHy employed (A2), consisted of rock 
aalt, 4 ounces; alum, 2 ounces; corrosive sublimate, i graiaa; 
'boiling water, 2 ^n .its. To make the B fluid take rock salt, 8 
ounoes; corrosivf siihliraato, 2 grains; boiling water, 1 quari 

pAOOa'e P1.CID. — Take corrosive sublimate, 1 part; pnre 
chloride of sodium (common salt), 2 parts; glycerine, 13 parts; 
xtistilled water, 113 parts. This mixture is aliowed to stand for 

-ftt least two months. After that time it is prepared for use by 
mixing one part of it with three parts of distilled water, and 

■filtering it through ftltaring paper. This fluid is very atrongly 
lecommeuded by Frey. It is used for blood globules, nerveB 
■nd ganglia, the retina, cancer cells, and especially delicate pro- 
teinous tissues, 

Castob Oil, — This is used tor preserving certain crystals. 
The best cold-drawn castor oil answers the purpose. 

There are a few general rules which we have found essential 
to the Buocesefnl use of these media, but which aj'e often 
neglected, the result being the ultimate destruction of the 
specimens. One of the moKt important point,a is the nse of an 
abundance of the medium [we ai'e now talking ot preserving, 
not mounliTig) and the grndmil saturation of the object with it. 
A piece of fresh muade, simply mounted in a shallow cell with, 
a drop or two of Gondbj'a fluid, will spoil in a very short time. 
The same object, properly treated, may be preserved indefin- 
itely. The proper course is to completely immerse the object 
in a considerable quantity of the liquid, and if neoessary 
change the liquid several times untU tlie substance to be pre- 
served has been thoroughly subjected to the action of the 
medium. For this pnrpose the quantity contained in ordinary 
cells is altogether too little; smiLll cups, basins, large watch- 
glosees, etc., are needed. It must be remembered that the anb- 
Lstanoe acted upon generally absorbs certain CDnstituents of the 
■jpreserving fluid, and hence the Mber is left eUkex iv^x^ '««a.'i. 
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(It there ia an imeqiwl dUtribuUon of the constitnanta 
g«da the Ribstiknoe itaelf aud the BurroQiidiiig fiuid. Moreover 
the fltuds eontaiiipd in maoy objesU are displao^'d b; the pre< 
Mtrriag inediam, and tend to dilute the latter. In most cases, 
therefore, where the preserving mediam ia b liquid, the desired 
NBult ia b«et attsioed bj soaking the Habstanoe in the fluid (or 
B^reral dajs before momttiDg, changing the liquid two or three 
times, and final); moanting in fresh fiiiid of regular etrength. 
We vonld lay great titress upon this point, having seen nianjr 
Sue prtT|urationB spt>ilM by pursuing a different course. The 
Ule Dr. Qiiadby, whose skill in this department was well 
knovn, alwnja insisted npua this course, and during- a some- 
«liat extended iutereourse with hiin, and observation of hia 
methods and processes, ve become folly convinced of its im- 
portance. 

VTitb manj presemttiTe liquids, it is well to begin with a 
diluted article, and groduallj increase the strengLh at each 
chwige of flaid until the proper strength has been reached. 
This eourse ia EpeciallT recoromended with glycerine and saline 

Another point which demands attention is the entire eicln- 
Hon of air, eepecialljof oijgen. Nowuir adheres with great 
teuaoily to most surfaces, such as those of glass or metal, and it 
dissolves to a considerable extent in all watery solutions. To 
get rid of it, the enrfaoa of the cell and cover should be either 
well warmed, and then nllonred to cool just before being filled, 
or washed with alcohol (ufter which it may be dried). To ex- 
pel the air from the liquids, they should be boiled, and to pre- 
vent the ftbsorbtion of a fresh dose of air, they should be kept 
well stoppered. But as air ici// find access to the liquids so as 
ottimately to saturate them, it is necessary to boil the fluids at 
beqnent intervals, so as to get rid of this element. Without 
strict nttention to these points it is shnost impossible to pre- 
serve animal snbstances for any length of time in saline fluids. 

Mounting Objects.— For the purpose of conveniently 
exhibiting and compEiring objects, and arranging them in cab- 
inets where they can be at all times accessible, it is necessary to 
mount them secorely in such a manner that they may be easily 
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For purposes of mere eiamination and study, 
mounting ia unuecesaiiry, but when the dlijects are to be kept 
for future refereuoe ib ia inilispenHable. It ia true that where 
the specimens ore large they might be kept in bottles in a pro- 
aerrative fluid, and taken out when wanted. This would be 
very inconvenient, however, and with very minute or delicate 
objects it would be almost impractical ile. 

There are three modes in which objpcls are mounted; 1. Dry, 
the object beiag eimply attached to the alide and suitably pro- 
tected. 2. In balsam, the object being immersed in Canada 
balsam, damar medium, copal vamiah, or some similar mete- 
riaL 3. In fluid, the object being moimted in some of the pre- 
servative liquids previously described. Specimens may he 
mounted in any of tliese ways, so as to be viewed either as 
transparent or opaque objects, and the instruments and mate- 
rials required are ueitlier nuraeroiia nor cspeusiTe. "With those 
named in the following list almost any lyrdinitr!/ object may be - 
neatly put up, though it is of course to be expecti d that o<!ca- 
will frequently ariae when special instmments and 
methods, which are not described by any author, will be 
needed. Experience alone can enable the mioroscopist to treat 
soch oases succeasfnlly. 

Slides.— Most objects are mounted between two pieces of 
^asB, one of whicii is called the slide and the other the covej: 
As it is coDvenient to have these slidra all the some size, so that 
they may be easily arranged iu cabinets, the Microscopical 
Society of London has adopted a slide three inches long by one 
inch wide as the standard size for use amongst tlieir members, 
and this size has been generally adopted by microscopists 
tlirougbout the world. All the best slides that are found in 
market are of this size, and the microscopist who fails to adopt 
it will be subject to great iu convenience when he desires to ex- 
cbange objects with others who are pursuing similar studies. 
Several other sizes are employed by the French, most of them 
being quite small (2j by i and 2jby |), butaa these small slides 
are the only ones that citn be used with some French micro- 
.Bcopes — the stages of which are too small to take a slide 31'y I — 
\be^ are nsna/Iy kept in stock by ieaieta va m\«w>io^\^ %.-^«i- 
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atiu. Small slides Ustb tliii advaiitage, that they cost leas, aiul 
take np less room in a cabinet. Lurge slides look best, and af- 
ford more room for descriptive labels, which is an importaot 
point But since slides 3 by 1 have been adopted by common 
consent, the miorosoopist who monnts apecimenK, or who bnys 
objects mounted on slides of a different size, conunita a mis- 
take for wkich the advantngt^s offered by the email slides are 
but a slight compensation. The only eitceptions to this mle 
are where the objeels are too liirge to be mounted securely on a 
slide of standard size, or where a large number are to be pre- 
pared for the purpose of iilastrating soma special series of in- 
vestigations. It is to be presumed that such a series will n 



IS it wiU in all probability be 
is sometimes of advantage to 
r than that in conuuou nse, 
leries will probably ba nnm- 
3 necessity for extended de- 



be broken np and separated 

aesigtied to its own cabinet, it 

have it npon slides of a size otbi 

Ah the objects composing such a 

bered and catalogued, there is i 

scriptioua i,;l the labels, and therefore sbdes of half the usual 

size (11 by 1) will aerve very well. The cabinet may thus be 

reduced in bulk by one-half. We have a Hpecinl cabinet, illus- I 

trative of textile fibres, mounted upon slides of small s. 

find it quite convenient. 

Theglassfrom which slides are cut should be free from a 
bubbles, acrutcbes and that wavy appearance which is dad 
either to inecjuolitiea in the surface or to irregiilarities i. 
composition of the glass ituelf. Ordinary window glass ] 
tirely nnfit for the purpose. The most snitable kind is plate 
glass, the surface of which has been gi'ound and polished, so aa 
to be perfectly even and smooth. Glass of this kind is naed for 
looking-glasses and by photographers, and when other material 
could not bo had, we have made very escellent elides ont of 
broken looking-glasses and photographer's plates, though it is 
difSoult to get the latter thin enough. BUdea of good glass 
are, however, manufactured in quantity and sold at a reason- 
able prioe, so that under ordinary oircumstonees it will hardly 
pay the microscopist to cut out his own slides. Moreover the 
slides sold by the dealers have the edges neatly ground, an , 
openttioii which the microscopiat will find tedious and troul;d»- J 





As t)It>ctired from tke mauufooturers, the btijca are always 
baTmg' been naehed after the piocess of grindiDg 
,d poKahing the edges. If this dirt were aoft it would not 
much, bnt it is in general hard and gritty — being in 
fact the grinding aand — and the consequence is that the BarfQees 
of the slides are very apt to be soratthed and injured. There 
is but one firm that exports slides to this country, and they ere 
very careless in this respect Out of a gross of slides it is often 
difHcnlt to And two dozen that are not so scratched as to be 
worthleaa for the finest class of work. Having procured the 
however, the first thing to do is to clean and assort 
Tliey should be deaned by being rinsed in water eoa- 
Lg a little wasliing soda; the dirt being removed if necea- 
by the use of an old nail brush or tooth brush. TJntil 
this haH been done they should not be wii^d willi cloth or 
leather, for by so doing the particles of sand are dragged along 
the Butfaoe, making a deep mark. Tliey should then be washed 
in pure water, carefully wiped with a soft cloth, and assoi-ted 
fur thiokness and quality. It is in general best to sort them 
into three olasse^^thick, medium and thin — the latter being 
used for teat and other very dc-licato objects. Elaborate inatru- 
"inenta have been devised for meaanring the thickness of the 
to assort them accurately, but they are entirely uu- 
lessary; the eye is a sufftciently accurate guide. To deter- 
le their quality, they must be exomiued uuder the micro- 
scope, and as it is only the central portion that is of any oon- 
seqaenoe in this case, we place them on a brass plate, 3 by I. 
with the edges slightly turned ap, and having a hole five' 
eighths of an inch in diameter in tlie centre. That part which 
lies over the hole is the only part wJiich it is necessary to ei- 
amine. Slides which contain air-bubbles, strire or scratches, 
are at once laid aside to be used either for opaque objects or 
those of a very coarse kind. Those that are perfect are caie- 
fuUy stored away where they will not be subject to injury. 

CovEBS. — After being properly arranged on the shde with a 
suitable preservative medium, the objects must be covered with 
a small piece of thin glass. Glass intended s^cialt; tat &i& 
pnrpoee ia made in England, and imported eitVet to. 'ficft^w. «t 
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eat into sqiurcs &nd circles of eniUhle sizes. I>ireotioDi t 
CUUing tlii!«e coTcre would be oat of place bore. The b«giimi 
will «l««Tit find it mpst economical to bnj them ready cat ( 
tlie two kinds — romid and square — tLe fiirmcr are, for all oid 
tuaj purposes, the most convament, as covers of this ahape & 
beat Biiited to cells made with the tnru-luble, and they maj al 
be Haiiihed more easily and neatly thaji the eqitare ones. 

Covers should be carefully assorted for thickness, since tl 
thieknt'ss of the cover exi^rla a maleriul infloence on the pe 
formiUH.^ of all lenses except those of the lowest power a 
qDKlity. Where objectivea which do not adjnst for tliickueBS c^ 
cover are employed, the microscopiet should Cod out the exact 
thickness to which they have been corrected by the maker, a 
n»e glass of this thickness in covering ell objects that are to ]>e 
eximined by means of th^e lenses. 

Tiie inexperienced student will be apt to £nd some difficulty 
in clt-aning these covers. They are so fragile that it is difflontt: 
to rnb them, so as to remove dirt, without breaking them. 
The best method is to soak them in a weak solution of potash, 
rinse them off carefully several times with clean water, and af 
jK)Uri:ig the last water off, give them a final rinsing by talcins 
them lip in a pair of forceps and moving them about in a ton 
bier of clean wat*r. They should then be hiid (singly, g 
course) on n. wijiing block and wiped. Wiping blocks a) 
by covering a flat block of wood with chamois leather or li 
drawn tightly so as to present a<dat but somewhat soft sur 
These blocks are generally mode round and wilh handles, bu 
prefer them oblong (4 by 1^ inches) and tciihout handles, 
of them is laid on the tuble face up; upon this face the thin 
glass is laid aud wiped wilh the other block. In this way tl 
thinuest glass can be cleaned without risk of fracture. 

Cells — Tubn-Tablk. — All objects that are mounted dry or : 
fluid shotikl be placed in cells, as unless this is done it is di 
fieult to arrange the object properly or to secure the thin 
permanently. lu the mojority of cases these cells oonsiat 
little more than a ring of cement laid on the gloss slide a 
allowed to harden, and their depth does not exceed the thick: 
BUS ot a sheet o£ paper. BuoV cefis oto \t 
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9 almost always made by the mioroHCOpist himsplf by 

a of a liftle instrament known as a tum-iabh or irliirling 

Bfife, of which there are several different forms in market, A 

'" wp and efficient form is shown in Fig. C2. The table is snp- 

(rted by a spindle upon which it tnms, motion being oom- 

inicated by means of a milled ring. The slide is held in its 

e by two spring clips, and it is brought to the centre by 

jr bar, c, with a square projection. This is 

refnlly otranged, so that a slide 3 by I shall be socurately 

mtered. Hence it follows that the rings and sella on aU the 

ides pat np b; the owner may be instantly and aocoratelj 
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Kg. 6a.-TDE»-TABlE. 

I by simply placing them on the table and bringing 

I op to a firm bearing against the guide. This bar or 

B may, howevtr, be instantly removed when desired, and 

Q this ia done, (wy cell may bo truly centered by the ubuoI 

Mthods. This tnrn -table, therefore, enables us always to bring 

Jftlls of our own make instantly to a perfectly accurate centre, 

Jirhile other cells can be centered at any time with very little 

"trouble. 

To most ium-tablea there lies the objection that the devices 
for centering and holding the slide make one side heavier than 
the other, and consequently, as every mechanic knows, irregu- 
lar and eccentric motion is the result. On many otherwise 
well-made instruments it ia, from this cause, impossible to make 
A true cell, jwrfa'cularly if we attempt to ■flotV sft. u. "V^^ ^-^^ii^ 
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In Uie tnrn-Uble jnst described, provision is m&de to c 
this dif&cnltj. A lieavj-beaded screw, of the predse veight 
DCCessnrj, is ecrpwed into tlie under surface of the table, and 
gives a perfect baluQcti to the wheeL It then rune Bmootlilj' 
Knd triil5. 
NnmeroQS attempts have been made to prodnoe a. aelf center- 
ing table, 1. e., one in which the 
slides wonld be tmlf oentered 
withont requiring care and skill 
on the part of the operator. One 
of the earliest forma woa that of 
I Dr. MatlhewB, thecenteringpart 
of which is shown in Fig. ti;t, 
I UpoD the surface of the table he 
arranges two triangnlar plates 
of brass, which rotate upon pins 
placed at equal distances on each 
side of the centre, and as the 
plates are of the samemze, when- 
ever their inner faces are par- 
allel, these faces must be equi- 
distant from the centre. Hence, when a elide with parallel 
sides is placed between them, and the plates turned so as to 
prcea upon the sides of the slide, the slide will be truly cen- 
tered so far as its width is concerned. It is centered for length 
by a stationary pin, against which tho end is always bronght. 
^des of irregular size are therefore centered only one way. 

There are at present, however, before the public, two tables 
which centre slides accurately in both directions. One was in- 
vented by C. Mason Kinne, of San Francisco, who describes it 
as follows: "As will be seen from the engravings. Figs, 64 and 
<i5, which are reduced one-bolf. Hie slide will be grasped autom- 
atically, npon removing the finger from the lever, the spiral 
spring causing the clutches to instantly clasp the eUde, and 
retain it in a central position. One corner of either end of the 
slide projects sufficiently tor the purpose of taking hold with 
one hand, while the other is pressing tlie lever, and can be 
fixed or removed without puphiug alfmg a circular disc to its 
edge. Tie slots are moAe \o oWo-H mMveme-u^, t^avj.^Ui&) that 
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outohea 
any piece ot 

1} to 3^ inches 
ooal lecgtli, and the 
table ia made of brass 
about a qiiiirter of aa 
inob thick, which gives 
weight Bufficient to ae- 
cuie stability of 
ment. The wholo rests 
OB a Email apindle 4 or 
5 iDclies long, screwed 
into the centre of the 
broHB stad, which is the 
fnlcrnm of thi 
and can be removed at 
pleasure to pa<^k away. 
rhe pointed lower end 
of the spindle is stepped 
into a counter-sunk 
metal rest, and with a collar placed at a enitable distance above 
to allow of free movement of the hand, I find that a steady 
motion can be obtained with the thumb and finger, ot any re- 
quired velocity, and ia under greater control than with any 
milled-head device." 

Mr, Kinne snggeata a very simple method of conatrncting a 
home-made table on this plan: "The spindle can be fitted into 
any appliance, primitive or expensive, at the option of the 
worker, and I find that an old cigar box, with a portion ot one 
end removed, is just as useful as anything else, though if made 
for sale, a cheap varnished box cotdd be furnished, and in 
whioli the table and spindle could be packed when desired. If 
fitted np with tlie cast iron stand, the whole might present a 
neater appearance, but the additional expense would not add to 
ita utility." 

Slides which have been imperfectly centered on other tables, 
are recentered for vamistiing by the use of two rectangular tri- 
angles and a little wedge. The inyentor uaes tlie comen of a 
broken slide and a piece of watcU. 




The other sell-oentering tnm-table «u inrented bj 1 
F. Cox, of Ne'v York, aud is ahows in Fig. 66. The ilide is 



Ffg. 66.— cox tinur-TUECS. 

gruped by two angle-pieoes, wbioh are simuIUneouslj moved 
to and from the ceotre by means of a rigbt and left band 
Bcrew. Wlieu it ia desired to re-vaniiah slides nbicli have 
not been accurately ceutered in the first place, a pair of spring 
clips, attached to a stotit bikr, are Ia.3tened on. This can be 
effected in an instant. The arrangement iBshown in Fig. 67, 




%ete is sIbo a very ingenious device For placing a raw a 
small cells along tbe middle of & slide. This constats of twi 
e^nal right-angled Irinnglea, the square coiuera of which fit ii 
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the olatchea, tlttiB Bllowing the long aides to lie parallel to each 
other, and at equal distances from the centre. A elide may 
thus be grasped between them, and pushed aloug longitudin- 
ally, as may be desired. 

Those who once see a turn-table, will find no difficulty either 
. in underBtaDding the method of using it, or in putting this 
knowledge into practice. The slide, being held on the table 
either by eprings or clutches, is made to revolvo rapidly, and a 
brush, charged with cement or varnish, is held against its anr- 
face 80 HS to leave a ring. There is a alight knack about m^dng 
good cells, which it requires a little practice to acquire. The 
brash must be held in the direction of a tangent to the ring — 
that is, it must not point to the centre of the circle, but must 
lie so that the ring, as it revolves, will dram the cement away 
from the brush. Practice alone can give expertncsa in doing 
this, and we would advise the beginner to work steadily for a 
few hours at making cells on pieces of common window glass, 
strips of which can be had for nothing from any glazier. The 
oiiief points to be attended to are the position of the brush and 
the consistence of the cement. If the latter be too fluid, it 
^reads HJid does not form a well-defined cirde. If too thick 
it does not leave the bnish as freely as is necessary. The 
method of preparing the cement will be explained under the 
proper head. 




■Where a turn-table is not at hand, very good cells may be 
madeaB foUows; Ou a card draw the otitliues of a sKde with a 
series of oitctes in the centre, as shown in Tig. GB; lay the 
dide on the card so that the oentre o£ tho citflea -^vft \ife v*. Vwt, 
B of the alide, and tiien paint e, raioiB ol Ciftia!e^ <«i. "^^^ 
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sUdo b; u&nd, the ringa beneath Berving as a g:aide. Terj good 
oells ma; be thus made, but the process is of course mora 
tedioas tUun tbat with the tura-table, and does not give as neat 
reanlla. 

A (ew precautions are necessary in order to ioaure the per- 
manent adhesion o( the cells to the glass. In addition to pro- 
viding ocment of good quality, we must see that the slide is 
dry aud recently healed. It ia difBcult, with most cements, to 
nse hoi slides, as tiie oemeat ia apt to flow; but the slide shonld 
have been recentlj boated, aod after the cement has partially 
hardened, the oells should be baked bj exposute to a tempor- 
kture as high as they will etand. This is easily done by placing' 
them oa a board or plate, and leaving the latter for a short,! 
time in au oven. 

Where cells of greater depth are required, rings of varions 
materials are cemented to the slide. Foe objects mounted dry, 
rings of leather or cardboard answer well, provided they are 
carefully varnished so as to be impervious to air and moisture. 
For liquids, rings of glass, tin, ebonite, etc., are used. Rings 
of rubber and gntta-percba have been swggestcd, but they do 
not answer, as they soon become rotten. Full directions for 
making and using deep oells may be found in the works ol 
Qiiekett, Carpenter, Beale, Frey, etc 

Hor-PiATE.— This is simply a stout plate of brass or iron^J 
which issupported over a lamp by suitable means. The 
men plan is to insert four stont wires to serve as legs, but a 
better mode is to support the plate on the ring of a retort 
stand, as its distance from the lamp cBn>thus be readily ad- 
j nsted and the temperature regnlated. The hot-plate serves to 
distribute the heat, and thus to prevent the slides from becom- 
ing suddenly and unequally heated. Moreover, by means of 
it several slides can be heated at once, and thus much time 
may be saved. It should be tolerably heavy. The one we use 
is of cast iron, six inches long and three inches wide. The 
npper surface has been ground so as to be tolerably smooth. 
When a hot-plate is not at hand, a good substitute may be 
found in a smooth brick, or, better still, a plate of soapstone. 
These may be heated in the fcce aad Mrill xetoin their heat for a 
iong time. 
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Lamp.— Any lamp, or even osndle, will anawer, bnt we prefer 
a. HpLrit lump, the flume being free from smoke and eaailj man- 
aged. At night the keroseue lamp used for giving light will 
answer. Where gas is used, the Buuseu burner is a groat con- 
venience. Whatever lamp or burner be used, it should be sur- 
rounded with a chimney or shade, so os to prevent the flicker- 
ing of the flame by cnrrents of air. The best shade is a tin 
cylinder, with tows of holes at top and bottom toi the admis- 
Bion and exit of air. 

Eetoet Stand, — rx snitable retort etend is a very simple 
sfFair, and is best made at home. Ours consists of a board of 
bard wood, 5 inches by i, into which is screwed a rod fourteen 
inches long, and a quarter of an inch in diameter. The rings 
have no screws, bnt are Bimjily pieces of wire, one end of which 
is twisted round the rod, while the other is formed into a ring 
of the required size. Kiuga formed in this way are easily 
moved on the upright rod, hut no weight placed on them in 
the usual manner can cause them to slip down. 



Oauds for Cesteriks the Objects.— Unless the objects 
are placed on the centres of the slides, the latter have a very 
awkward took. By drawing the outlines of a shde on a card, 
and marking out the centre, this difBculty is easily o 
A card marked off in this way is shown in Fig. 61 
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t is well to have two cards, one black with a white centre, 
and the other white with a black centre, as some objects, when 
merged in the medium in wbicii tiie'j ase. \ft\ifeT»K«ai«Sw 
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Bhow best against a dark ground, while others ore most e 
seen against a light oue. Those tvbo ase the self-centering 
tum-tablea may readily centra their slidea by painting on them 
a ring of some vater-color, which is easily washed off. Tbe 
ring is, ot oootae, l&id on the side opposite to that which 
receives the object. 

MouNTtNO NkbdioTS. — These are similar to dissecting needles, 
bnt being used in balsam, varnish and similar substances, they 
cannot be used for dissection, and should be kept by them- 
selves. They are most easily oleaned by being waxmed over the 
lamp, and wiped with a piece of soft leather. When the balBam* 
is burned on Ihem, as recommended by some, it leaves a omst 
which is not easily removed. 

— In placing the cover on the abject, the 
ordinary forceps are very inconvenient. We 
have long used a i)air of forceps bent as in 
Fig. 70, and with the points carefully 
adjusted. The mode of using the instrument 
will be obvious from the engraving. A vary 
ingenious deviceintendedtoanswer the same 
purpose has been invented by Dr. Fletcher. 
These forceps are self-closing, so that the 
thin glass cover is held without any effort. 
After the cover is in position on the slide, 
by pressing on the blades they open and allow it to dip ont. 
If the cover should 
stick to the forceps 
in the slightest de- 
gree, it may be pre- 
vented from moving ' 
when the forceps 
are removed by in- 
serting a common 
pin in the slit seen in Fig. 71. When nsing the forceps 
shown in Fig. 70, the same end may be attained by means of a 
wire fork (a hair-pin is as good as anything), which may bo 
made to istraddle the noae oi Uie \QBti\mieQ,^- 
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Skide HotiDEr. — The hot shdes cannot be comfortably held 
in tbe fingers, and therefore a pair of wooden forceps become 
i necessity. Those nsnally sold are miida by screwing together 
two thin slipa of wood with a piece of brass or lead inserted be- 
tween them at one end. To admit the slide, the eUpsare forced 
apart by pressing on pins arranged aa in the stage forceps. 
When placed on a table the 
metal connter-balancea the slide, 
and beeps it from touching tbe 
Bnrface on which it ie laid— a 
, very important point. The Eng- 
lish forceps, being all wood, fre- 
qnently tip with a heavy slide. 

A common spring clothes-pin 
ia freqnently used, bnt when we 
jome to lay the slide down, the 
olothes-pin bolds it in an awk- 
ward manner. The end of the 
hot slide is snre to lie on the table, 
and if fluid balsam or other me- 
dinin ehonld be preseot, the fact 
that the slide is not level prodnces 
bad results. By cnttingoff about 
hall an inch from one of the 
limbs of the forceps part of the 
pin, however, this difBculty ia 
aToided. The slide may then be 
grasped in snch a way that when 
the clothes-pin is placed on the 
table, the glass will be held in a 
perfeotly level position. A glance 
at- Fig. 72 will show what we 
mean! A great advantage of this 
form of holder is that it costs but a trifle, so that the micro- 
Bcopist can supply Limself with an abundance of them, and 
thus several slides may be cooling, while work on others is 
going on. When very lieavy shdes are used, it may become 
neoessary toaorewaplafeof sheet lead to the Taid«t ^4b ot tta 
olotbes-pin, bo aa to preyent tipping 





Water Bath. — A water bath ia indispensable in thoee e 
where a certain very moderate degree of heat is not to be ex- 
ceeded. Few perBona folly appreciate the difficulty of regu- 
lating or even estimating the temperatnTe of an object held over 
a naked flame, aud mischief is often done before the operator 
is aware of it. A eervioeable water bath is easily extemporized 
out of an old frait can and a small beakei glass. Tbia aerres 
for exposing material and preporationa to a temperature lower 
than that of boiling water. Where slideia are to be bo heated, 
the simplest cootriTasce is aflat tin box, irith nil the joints 
(cover and all, of course,) tightly soldered. A small tuba, 
closed with a cork, Herves to admit the water. ■ 

SpEEio Clips. — One of the first of the needs ■which impres ' 
themselves upon the mind of the beginner, is the necessity tor 
something to retain the thin cover in its place, until the ce- 
ment, which is intended to hold it permanently, dries. Ao end- 
leas variety of spring clips Lave been invented for this purpose, 
bnt we have never seen anything that we liked better than the 
Bimple article shown in Fig. 73, and which we have nsed for 



Fig. 7a. 

over fifteen years. It coneists simply of a pieoe of brass n 
bent as in the engraving. The sHde being held in tlie left 
hand, the clip, held by the upper wire, is brought so that the 
projecting part of the ring is placed under the edge of the 
slide. The upper part is then lifted up so as to open the dip, 
which is then slid on to the slide untU the vertical point it 
the right position . When a broader surface than the point of 
Ihe wire is needed, a piece of cork may be stuck on it, aitd if | 
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tlieTe should be need for gre&ter preaanre than that whioh tlie 
spring of the wire affords, tbis can be obtained by sliding a 
amall brass ring on to the clip. 

Yarionaother forma of spring dip havA been invented, bnt 
none that we consider more simple, or that we like better than 
the above, which has this grout merit, that any one caa make it 
for himself oat of materials that may be obtained at any hard- 
ware store. It must be borne in mind, however, that ^1 clips 
oonstmoted upon this plan are apt to cause a alight displace- 
ment of the object, from the fact that the movement of the 
|>oint is not quite perpendicular. With delicate objects this ia 
a matter of importance. The only remedy is to nae the end 
presanre of a rod moving in fixed guidea. 



CEMENTS AND TARNISHES. 

A supply of carefully selected cements and varnishes is india- 
pensable to the ndcroscopist, and it ia also well that he should 
understand the nature and properties of the materials used, 
otherwise be will be liable to make gross blunders. Thus, of 
the different articles in nae, some are easily miied with each 
other, while others aeparate as soon as left to themselyes; some 
dry in one way and some in another. It would require a, vol- 
ume to detail the properties of the different stibstaiices which 
enter into the composition of the cements used by the micro- 
Bcopist. We have space for only the following hints, which, 
however, we hope will prove uaeful. 

Oements become hard in three different ways — cooling, evap- 
oration and oxidation. Shellac, sealing wax, electrical oemeut, 
etc., when melted by heat, furnish exrimples of the first pro- 
cess. Shellac and sealing-wax dissolved in alcohol, and asphalt 
and damar dissolved in turpentine, dry by the second process — 
the solvents evaporating and leaving behind the material whioh 
they had dissolved. Drying oil in all its forms, such as gold 
size, paint, etc., becomes hard by oxidation — not, as is goner- 

I ally supposed, by evaporation. 
In the case of varnishes whioh dry by the evaporation of 
acme ol their oonstitneiits, it ia oVinooa \!Wt> \\. &^c£a.%B^%t. 



1 





OTer an old one, the old Uyer will be Bof tene 
ahniilil he any tendency to a viurnum in the oell, 
nftened cement nil! be anable to resist the onteide 
and will creep in and spoil the object. So, too, 
witb vamiabee or oemeulA formed chiefly of drying oil or gold 
mee. If the different ooats be laid on too tbickly or too 
rapidly, the port tliitt is beneath cannot easily harden, bat will 
remain for a very long time in a semi-liquid oondition. We 
have jost removed some brass riuga from slides to which they 
were attached four mouths ago by means of gold size, and 
altbongb tbe outer surface of the cement whs hard and dry, the 
interior was quite liquid, freely soiling the flngera. 

QoLD Size. — The moat eitraordinary recipes have been given 
for tbe preparation of this cement, which is in reality nothing 
but good linseed oil rendered very drying by the nsoal 
metbods. Gilders frequently moke it into a semi-paint by 
adding coloring matter, thus forming a ground of a shade 
eimilar to the gold they use, and this seems to have misled some 
of otir best writers. There is no ochre, litharge, or anything 
of tbe kind present in good gold size, Tt does not pay to pre- 
pare gold size in small qaantities, and it may be obtained from 
any color dealer. The older it is the better, and it is well, 
therefore, to lay in a good stock, which mnst be kept carefully 
corked. The working snpply should bo kept in a small bottle. 
This is the favorite cell making material employed by Dr. Car- 
penter, and it is certainly tbe most reliable cement we have. 
It adheres firmly to glass, and if laid on in very thin snccesaive 
layers, tolerably deep and very durable cells may ha built 
up, but the process requires oonaiderable time, otherwise the 
under layers will remain soft. It has this great advantage over 
asphalt, damar, and other cements composed of solid materials 
dissolved in some menstruum, that fresh coats have but very 
slight action on the old layers on which they may be laid. It 
mixes with turpentine, and consequently with most materials 
soluble in turpentine, but when once dry and hard, turpentine, 
alcohol, ether, etc., have little or no action on it. It does not 
mis with alcohol, and therefore cannot be mixed wiUi the 
Bolatioa of eheilac in aloo^oi in a.u7 ol vte lotma. 
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BiiAOK Japan. — TOien this can be procnred of good qoality, 
it makea a very excellent cell. It adliereH very firmly to the 
glass provided the latter be esjyoaed to b. moderate beat after 
the cement baa lieeome dry, Black Japan driea up and tbick- 
ens wben kept, but may be thinned with turpentine. 

Bktinswick BiiAOK. — Tbia ia simply a solution of aspbaltum 
in turpentiue. Occasionally it is tendered very black by the 
addition of a little lampblack. When good, it makea a very 
excellent cement. Its quality depends chiefly upon the char- 
acter of the aspbaltum that is used in its preparation. Now 
there are several Tarieties of aapbaltum in market, the moat 
oommon kind at the present day being that obtained from coal 
tar. This seems to be entirely unfit for the purpose. The 
proper kind ia that which ia found native in several parts of the 
world. The two kinds are easily diatinguished by their odors. 

SHEiiAO.^This well known substance, wben dissolved in 
alcohol, forms a varnish or cement of great value to the micro- 
BCOpiat, and ia the proper one to be used when glycerine is em- 
ployed. Much of the shellac in market is artificially made 
from resin and was, and makes a poor varnish. Beal shellao 
mnst be employed if (ailtuc wonld be avoided. 

"Bwji's Cement.— Carpenter states that this cement ia merely 
shellac dissolved iu alcohol. With us it baa presented no ad- 
vantage over other oemeats. 

SeaijIng Wax Varnish. — This is prepared by dissolving tha 
best sealing wax in alcohol. It unfortunately happens that all 
the fancy colored sealing wax in market ia of inferior quality. 
Very excellent red was may be obtained, but we bave never 
been able to obtain good blue, black, green or otber colored 
wax. We therefore make varnish of these colors by dissolv- 
ing in alcohol tbe materials used for making the best red wax, 
Bubstitutiiig some other color, Lowever, for the vermillion. 

OoiiOBED SHinXAO.— Bleached shellac, dissolved in alcohol, 
and colored with aniline blue, red, etc. , makes a very Ado trans* 
paient ntniisb. 
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Duua Okvekt. — Thin is a miitnre of eqniil parte ol 
faraid) msd gold size, mii^d together. It abould stand far 

Bome time before beiugnsed. It is aaid to be TQrj excoUent. 

It in rerr tongb, and serves well as an outer coating over endi 
brittle cements as shelloo and sealing wax Tamiali. 

Mabinb GLrB.— Tliia is nudoubtedly tbe eti'ongeat cement 
in nse for joiniiig pieces of glass or glass nnd metal together. 
Bkilful microscopiets make great use of it; beginners do not 
find it so easy to manage as some others. In nsiiig it, the 
8impl<«t method is to cut it in small pieces, lajiton one of the 
surfaces that are to be joined, melt it bj beat, and apply the 
other BOrface, making sure of perfect contact bj rubbing the 
two pieces npon each other, if they will allow of it. Marine 
glue may be obtained from most dealers in microscopes. 

The cement known as liquid glue, is simply a eolation ot 
shellac in alcohoL 

For attaching labels, paper covers, etc., to tbe slides, nothing 
is better than good dextrine. After having mixed the dextrine 
with water to the proper cousistence, add six drops of glycer- 
ine to the fluid ounce of dextrine. This will prevent Uie labels 
or covers from crocking oS, 

Having provided himself with the necessary tools and mater- 
ials, the next step is to learn how to use and apply them, and this 
will probiibly be moat easily taught by describing a few char- 
acteristic examples. And first of all, seleotiug the m-ost easily 
mounted of all objects, we commence with the scales on the 
butterfly's wings. Having prepared a cell of proper siae, and 
allowed it to dry, the first step is to select a cover to suit it, 
and give a final cleaning to both slide and cover. When every 
particle of dust has been removed, breathe gently on the slide, 
and press tbe wing lightly against it, and within the cell. A 
large number ot scales will at once adhere to the slide, and 
the next step is to attach the cover. Place the slide on the hot- 
plate, (which must not be too hot, however,) ond wheuitis 
thoroughly dry, and the cement somewhat soft, lay the cover 
on by means of the cover forceps. Press it into contact with 
tbe cement, and the operation is completed. It is not difficolt 
iOfiee when the cover saA. tiie cQioan^i vseXn. 'csAftaN. cfia.<iwiL,, 
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wad fpvBi dare mnst be takea to close ths cell all round in this 
vuy. It is trae, this point is not of bo mncih ooiiBeqiieiice wit1i 
the particular object nnder conai deration, bat with some ob- 
jects it would be quite important. The scales are now mounted 
dry, and may be kept tor any length of time; no dust can soil 
them, and they are not liable to be injured by contact with 

other bodies. It only remnins to label and "finish" the slide 
aa hereafter directed. 

Nest to the above in simplicity is the mounting of auoh ob- 
jects as the wings of insects in balsam. Suppose we wish to 
of the smnllet winga of a bee or wasp, so as to show 
, hooks with which it is armed; Place the warmslida 
on the centering card, drop a little balsam on the centre, and 
Bgftin warm the slide, so that any air that may be present may 
collect in fine bubbles which can be removed by means of a, 
cold mounting needle. WLea the air-bubbles have been re- 
moved, seize the wing (previonsly well cleaned with a camel 
bair brush) with a pair of fine forceps, and lower the tip of it 
into the warm balsam. Then slowly lower the wing until it is en- 
tirely immersed. Drop, very little more balsam on it, warm 
the slide again (slightly this time}, and remove air bubbles it 
there should be any. Then take a clean cover in the cover for- 
ceps, make it quite warm, and place it over the object by allow- 
ing it to first touch one edge of the balsam, and then to grad- 
ually fall down so as to exclude all air bubbles. lu the case 
'Of the bee's wing it does not answer to apply much pressure as 
Hiis would teed to distort the hooks. Press the cover into 

(lace aa much as it will bear and no more, lay the slide in a 
irarm place for some time until the balsam hardena, and then 
'clean and finish the slide. 

In mounting objects in balaam and fluids, the great difficulty 
'%o be encountered is the presence of air bubbles. Careful and 
judicious management, however, readily enables us to avoid 
them. In the first place see that they are entirely removed 
Irom the balsam on the slide. This is much more easily done 
before immersing the object in the balsam then afterwards, 
that the air is expelled from the object. In the case 

d the wing, this is effected by sfoWy immersing tha <ih\eiit vtj. 
babam. Laail^ see that no ail ente» ■wt.'ili.toa tawos. '^*» 
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do tliiB see that tfae cotpt is Lot, and that it is lowered on the 
balnam slowl^r, and from one ade. It in any case there ahoold 
tie B vticant space under the oover ns nt a Fig. 71, and it should 
be deeired to fill it, do not apply the fresh balsam directly at a. 
To do so woitld certainly bo to inclose a Itirge air bubble. X>rop 
tbfl biUaMU at b, warm the elide, and the balsam will creep in by 
MpiUaiy attraction, and expel the air. 
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IB now Bappose that we have some Btuall insect which 
Ve have prepared by soaking in potash, luid which we desire 
to mount in bnlBam. Such a preparation if immersed directly 
in balsam, would be spoilt, since the balsiim and watery solu- 
tion woidd not mix. Therefore, proceed as follows; Wash the 
insect in pure water, and drain off the water; ^aah with strong 
alcohol, drain off the alcohol, and soak for tventy-four bouia 
in the strongest alcohol you can get. Pour off the alcohol and 
Boak for twenty-four hours in turpentine. The object may 
DOW be ijnmersed in balsam without difSciilty. 

Air pumpa and similar contrivances are generally recom- 
mended as the best means for removing air bubbles, but we 
never use them. If the object be dry, we soak it in alcohol 
until all the air has been expelled, then transfer to turpentiQe, 
and finally to balsam. This requires time, it is tmebnt it doesnot 
occupy the time of the microscopist. The soaking process 
goes on without any attention from him, and while it involvea 
far less labor, with us it has always giren far better resulted 
though we have used very fine air pumps, and followed the 
faffltjjublished directions. TakaUio case of a dry shaving of 
wood, many of which bio viell wotOi mci\m.\m%. ^.-^(siMk \» 
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▼erj laborionB to get the ait out of this by means of the air 
pump, while by soaking successively in water, alcohol, and tur- 
pentine, it can be mounted with groat eaae without a bubble. 

Let Ds now take the cjse of an object mounted in fluid in a 
cell. Suppose it ia the so-called tongue of a fly, which of course 
has been soaked for some time in the liquid in which it is to be 
finally mounted, viz., dilute glycerine. We make a cell of suita- 
ble thickness, which in this case may be made with shellao 
dissolved in alcohoL Several coats will be required, and as 
shellao alone does not adhere well to glass, we prefer to lay on 
first a coat of gold size or Japan, and when this is thoroughly 
dry, to lay the shellao on it. No difGculty will be found in 
making a coll of sufScient depth. The cell is now to bo Med 
with the liquid, the object placed in it, and the whole carefully 
examined for air bubbles, which must be removed if they exist. 
The cover is now applied, all Buperflnous fluid removed by 
means of a camel hair pencil, which has been moistened and 
then squeezed dry, and finally the edge of the cover ia to be 
coated with a thin layer of cement After a day or so another 
layer of ceis^rnt should be laid on, and this process repeated 
nntil at least three layers have been applied. 

We give no directions for the construction and use of very 
deep cells as this is work that will hardly be attempted by be- 
ginners. 

When op(.que objects are to be mounted either in balsam, or 
in flnid, the process required is the same as that employed for 
transparent objects. Very many opaque objects are, however, 
mounted dry, and in this case all that is needed is to attach 
them to a slide, and see that they are properly protected. 
When thin they may be readily mounted in cement cells, and 
this is altogether the neatest and most secure plan where it can 
be used. Thicker objects require deeper cells, which may be 
made of card, ebonite or electrical cement. (3 parts resin, and 
1 of wax, colored with ochre or any similar matter). Cells of 
card are made by first punching out a disc like a gun wad, 
and then punching a hole in this so as to leave a ring. The 
ring is to be cemented to the glass shde and carefully var- 
nished. 

Wooden elides with aoellboi^ in. tiio cei&t^i.mfttfiwaiae'. 
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SELECTION A 

mended very higLI;, and seem to EinaweT a very good purpose. 
The cells arc not bored quite through the vooden nlip, and as 
they are blaokened on the inside, any small object that may be 
oempnt«d to the bottom of tliem shows very well. For seeds, 
small Hhells, and similar objects, they answer admiriibly. Id 
most cases it will be found annecessary to cover the cells vith 
thin glass. Several slides may be packed together face to face, 
tmd if held in firm contact by means of a rubber ring, dust will 
be entirely excluded. Or they may be arranged in the drawers 
of an ordinary cabinet, face down, the labels being placed on 
the backs. This will effectually exclude the dust. 

Some years ago we mounted a large number of specimens of 
minerals on leather discs, which were cemented to glass slides. 
These leather discs were three-quarters of an inch in diameter, 
and we had a lot of pill-box covers which exactly fitted them, 
Tlieae covers, when slipped on to the discs, protected the ob- 
jects perleotly, and the whole formed a very cheap, oouventent 
and excellent mode of mounting, 

A very ingenious cell for opaqne objects, the inveatioD of 
Prof Pierce, of Provi- 
dence, R, I. , is shown in 
Fig. 75. It consists of a 
metallic cell, having a 
broad flange like the 
rim of a hat, which is 
cemented to an ordinary Fig. 75, 

glass slide, as shown in 

section in the lowerflgnre. Tothiscell is fitted a metal cap, 
which covers and protects the object. The object may be placed 
directly on the glass, or raised by means of a disc of any re- 
quired thickness, so as to be more easily iliaminated. The 
slide, with cell uncovered and containing an object, is shown 
in the upper figure. Uncovered objects may in this way be 
very perfectly protected from dust and mechaniool violence. 

Some persons object to any slide that is mounted without a 

glass cover. It must be acknowledged, however, that while 

jrs add to the appearance of the object and serve to 

protect it, they interEere Bom«vilio.\. -sVik \!u4 s^iatauiation, as it 

o«flno£beaobrillianUyUluminfttei,Baitti6ra.iftAii'ftisat.-^»»^sj 




to tlie objective are interfere^t -witli to a considerable extent. 
Tlie objections to moonting opaque objects in cells with mov- 
able covers ore that even during the short period in which they 
are exposed for examination they are liable to be coataoiiSated 
with dust, the cover is liable to be lost, and the object when 
exposed is liable to mechanical injury. Therefore, ivhile a few 
brilliant and striking objects, such as jaineials, seeds, etc., may 
well be mounted in open cells, all delicate and valuable objects 
should be permanently covered. 

Of late jeare the most popidar coU for opaque objects is un- 
doubtedly that devised by Prof. Hamilton L, Smith, and known 
as the wax cell. Yaiious methods of making it are in use, the 
following being tiiat originally published by the iaventoi: 
Take a circular disc of thin sheet wax, which is easUy cut with 
a common gun punch from the sheet wax ordinarily used for 
making ilowers, and attach it by means of heat to the cen- 
tre of a glass slide. A brass curtain ring, of which the inte- 
rior is the sarao size as the disc, is then slightly warmed and 
laid on the wax, to which it, of course, adheres. The object ia 
fixed to the wax by slightly moistening the surface of the latter 
by a minute drop of turpentine. "WTien dry, a cover, which 
exactly fits into the bevel of the ring is attached thereto with a 
little cement, and the whole may then be finished off on tbo 
turn-table. 

The appearance of objects mounted in this way is very ele- 
gant, and consequently it has become a general favorite. It 
has, however, I'ccently been condemned in most unsparing 
terms by the inventor, who has found that the nndor surface 
o( the cover becomes in time coated wiih a deposit which 
causes a glare that entirely prevents clear vision. As soon as 
this difficulty was announced, an animated correspondenoa 
took place in the scientific journab, and it was found that 
while somo microscopista had experienced this difficulty, it 
had never occurred to others. The final conclusion 
be that the difficulty arises from the kind of wax used, and the 
method of attaching the object to it. The wax should have 
been thoroughly melted at a temperature as high as it will 
bear, so as to drive off all volatile matter, and instead of using 
discs puDclied from sheets, the "wax sVouVi'Vife ^-^^eSi. vi.^ 
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melted condition, 1>y means of a bmsli, to the warm glass slide, 
The object aboiilil not be stuck on with tnrpenfiue or similar 
cement, bnt shoahl be attAchtul to tbo wax after a small spot 
on the latter has been softened by bringing near it n, hot wire. 
Objects mounted in tliis way, in cells so prepared, seem to re- 
main in good condition for yeara. 

A very ingenious cell has boon devised by Mr. D. B. ScotL 
This oell is punched out of thin alioet metal, a " 
and Rootion in figaree 76 and 77, Tlie cell is formed by the 




central dopn.a»iuii, juid there is a turned-down edge all round 
the slide which gives it strength, and canaea it to lie steadily 
on any flat surface. The cell has a ledge, or rebate, as seen in. 
figure 77, for the purpose of supporting the thin glass cover. 
When made of tin the whole slide is japanned; those made of 
brass are lacquered, and the interior of the cell is covered with 
black asphalt, or some similar dark varnish. The objects are 
attached to the surface of the varaish by means of gnm woter, 
to which a veiy little gljcarino has been added, and the thin 
glass cover may lie cemented down and varnished on the tnin- 
table in the nsnal a 



Fig. 78.— CELI, FOB OI'AQUE OIUKCTS. 

The alleged failnre of the wax cell gave rise to a great many 

devices, one of which, proposed by Mr. Atwood, oonsiatB of a 

riilcanita or hard rubber cell, of which a sectional i 

given in Sgaia 78, the dotted. 'UneB aVcfma^ 'Caa Wv 
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The base is soliJ, thus giving a black btkck-gronnd of 
■imbber; arounil the top is a ledge fitted to receive o one-half 
Finch cover glass; this bciog scciired by a trifle of shellac or 
anj eirailai cement, completes the mountiug. The cell maj 
bo attached to b glass slip by any cement, before or after 
preparation. For eschanges it offers saperior advantages, in- 
asmuch OS the cell, with objects enclosed, may be sent through 
the mails independent of tiie glass slips, the recipient attach- 
ing them. 

Cells similar in construction to the hard rubber cell may be 
I moulded out of melted shellac by any one who is possessed of 
U a proper dio or mould. The die is easily turned out of a piece 
I of brass, and with two or three moulds of different sizes, and a 
little shellac colored black, the mieroseopist may easily and 
cheaply provide himself with a supply of cells suitable for 
almost any object. The idea is due to Dr. Dayton, of Cleve- 
land, and the details of the process may be found in tlie Ameri- 
can Journal o/ Microscopy for June, 1881. 
A cell which we have found verj durable, easily and quickly 
Kjnade, aad very neat, is constructed as follows: Having pro- 
penred some good gold size and pure litharge, griad the latter 
to a very flue powder. Mis the litharge and gold size to the 
thickness of cream, and color either black or dark olive by 
adding lamp-black. With this cement it is easy to make as 
many cells os may be wanted, by laying on a i^ng with a brush 
wliile the glass slide revolves on the turn-table. As soon as 
the rings or cells are made, dust finely- powdered litiiarge over 
them until they are covered a sixteenth of aa inch deep; allow 
them to stand a few minutes, and then shake off all the loose 
litbai^ by means of a few smai't taps. The surface of the cell 
■will now be quite rough. Allow it to stand a few hours, and 
then press it against a plate of glass. If this be done carefully, 
a smooth, level, solid ring will be left on the slide. If the 
edges shonld not be as smooth as they ought to be, it is easy 
to trim them off on the turn-table by means of a small chisel. 
Any turn-table wilh stout spring clips will held a slide with 
Buffieient firmness to allow of such soft material being tnrned 
quite true and smooth. Of course the tables which grasp the 
^dea hj the coiuei are best for this Ba^c^oae. feaiJo. laSis,, ^ 
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a. few weeks, become very lianl, and may be finished si 
lie very neat. Wlioii covered with a. few coats of shellac var- 
niab or pare gold size, acil completely dried, they bold liquids j 
very well. They aJUero so fiitnly to the slide tLat c 
ocoasioQS wlieu the slide has been broken by a fall, the cell has 
not parted fi-oiu tlie gloss. The ooly objection which we find ' 
to tbam is the length of time which it takes them to harden. 

Tin foil, which may be had of rarions tiiicknesaes from that 
of thin pajter to a sixteenth of an inch, makes a capital mate- 
rial for cells, It is difficult to gef the inner and outer circles 
wliioli form the ring, concentric, except by the uae of Bpecial 
tools. Prof. Chester avoids this difficulty by placing a largo 
number of rings on a rod or mandril which jnat fits the open- 
ing, and after screwing the rings tightly endwise, he turns ofif 
the outside so as to leave it perfectly true and even, Mr. A. Y. 
Moore cements the sheet of tin foil to the slide by means of 
shellac, and cuts out the ring on the tnm-table by means of a I 
sharp knife or chisel. 

Finishing the Slides. — The appearance of a collection 
of slides depends very much upon the style in which tbey ate 
fiuished, and although in some instances it may be said that 
the finish does not Etfiect the intrinsic value of the object, it 
is generally the case that a well-finished slide is more durable 
than one that has not been properly completed. The old sys- 
tem of covering the slides with paper is now entirely obsolete, 
and properly so. It was troablesome, unsightly, unless iu pro- 
fessional hands, and not vei'j durable. Fortunately slides 
with ground and polished edges are now so cheap that there ia 
no occasion to resort to the paper cover. Objects mounted on 
these slides, whether in cells or otherwise, are in general cov- 
ered with round covers, which are adjusted on the turn-table 
so as to be perfectly central. Aft«r the mount has beea com- 
pleted so far as fastening down the cover ia concerned, the 
edge of the latter is finished with a neat coat of varnish. This 
varnish serves to do something more than merely ornament the 
slide; it secures the cover iu its place, and prevents the drying 
up of the medium uBed for mounting. Even in the 
Canadit balaam it is o£ ubc, lot i.1 
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nisli, it prevenlB the ovaporation of the turpentine, and tlie 
ultimate drying aad cracking of the balaam. Wliere glycerine 
jelly, glycerine, or glycerine and gtim ore used, it becomes 
indispensable. i 

The process employed for finishing- slides in this way ia aa 
follows: The objects having been mounted, the slides are laid 
away nntil the balsam, cement, eto., have been hardened, when 
all Buperfluons matters of this kind are easily removed with a 
small chisel made out of a brad-awl ground thin and sharp. A 
small ehisBl-pointed piece of hard wood, and a little water, will 
remove the last traces of balsam or varnish, and if necessary a 
final cleaning may be given with a rag moistened with alcohol. 
The slide is then placed on the tnm-tablo, and a neat ring of 
varnish, either plain or colored, ia I'un around the edge. The 
varaieh used for this purpose should ba selected according to 
the material in which the object is mounted. Thus, for ob- 
jects in glycerine, glycerine jelly, or gum, the best coating is 
shellac varnish, which may be left qnite transparent and 
colored with some oE the aniline colors. Shellac also answers 
on Canada balsam, when the latter has become hard, but gold 
size is better, and the gold size may either be colored with 
the ordinary artists' colors, which are sold in tubes, and 
vhich give nn opaque-colored ring, or traneparent colors may 
1>e used. 

Labeling the Slides. — The proper labeling of slides and 
material is a most important matter. All bottles should be 
labeled, not only on the bottles themselves, but on tlie corks 
or stoppers, and the slides should be kept labeled or numbered 
daring eveiy stage of their progi'eas. Our system is as follows : 
Before the object is mounted the slide is labeled on tlie nnrfw 
aide with a very thin gummed label. Numbering with the 
writing diamond is deferred until the mount is completed, be- 
canse, if spoilt, the whole may be thrown into ajar to be soaked 
off, and this cannot be done with figures written or scratched 
In with a diamond. As soon as the slide is finished the regular 
label is attached, and the slide ntimbei'ed with a writing dia- 
mond. Of this number a record is kept, so that even if the label 
should fell oS or get soaked off, a ae"« \B.\ife\ ■m.a.-j \ifc -^ti^-v^^-. 
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kiul nnfortnnatel; it sometimea liappeoR that labelii drop oltV 
uittier from exposure to moisture or eicessive ilryHt 

Aa regards tlesignB. etc., for labels, the variety is endless, I 
Each microscopiat will probably soloct thn oue that accords I 
most nearly witli his own tosto. Tlie only suggestion that n-e ^ 
wonlil make ia that severe simplicity be adopted as the rule. | 
Complicated and fancy labels look well at first, bat they » 
jjol], and ire get tired of them. It is welt to hare a large blank 
label at one end, on 'whicli memoranda maj be written, auch es 
the power best adapted to show the object; whether it is best 
Been by reflented, tranaroittcj, or polarized light; the location 
of interesting pointa as determined, by the Maltwood Finder, 
etc., etc. An important point also is the direction ia which the 
rending ahonld run — whether across or lengthwise of tlie slide. 
There seems to be no rule on this point, and it would be well 
for our societies to discuss this subject, and establish a rule for 
the benefit of exchangers. Nothing is more aggravating than a 
lot of slides labeled in different ways. The direction will de- 
pend, of course, upon the kind of cabinet used. Por oabinets 
with racks, either way will answer, thougli the lengthwise direo- 
tioniasomewltat the most convenient. For the old style Eng- 
lish cabinet, in which the objects lie fiat and endwise to the front 
of the drawers, the writingshould run across the slide. For our 
American cabinets with drawers having spaces divided off for 
each sliile, the writing should be lengthwise of the slide, 
shoi-t, when the slide lies in its proper position in the drawer, the ' 
lines of writing should run parallel with the front edge of the I 
drawer. 

CaMnetB.— The vaJue, either for work or for exhibition, of 
a collection of microscopic objects, is greatly enhanced when 
they are properly arranged and easily accessible. Consa- 
quently every microscopiat who posacsaea even a small number i 
of slides, should provide some kind of a cose or cabinet fta'j 
keeping them. 

The simplest foi-m of case is one with racks, and these i 
made in a great variety of styles, tonna, and aizee, from the 
simple mailiug box, holding two or throe slides, to large and 
The conviiioii\iot, -w'lW cVia^ei U<1, and 
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tiding twenty-flve objects, answers ivell for carrymg a. few 
objects to exhibitions and tlie like. The chief objections to 
tliia style of cabinet consist ia the diffleulty of lifting ont any 
partienlar slide and of reading the names. The latter difftonlty 
may be obviated by writing the names oa the bottom of tha 
hos. on a line with the slide; the firat objection may be nw'h'- 
galed by placing the spaces in the rack 03 far apart as possible. 
These rack boxes make altogether the cheapest cases, and when 
placed in cabinet-s holding, say, a dozen boxes, or three liun- 
dred slides, they form a vary economical and convenient ar- 
rangement. The cabinet, or outer case, i 
made that the boxes wUI stand on end, m 
lie flat — a most important point. 

Cases or cabinets of shallow drawers i 
flat, with the labels fnllj exposed to vi 
gether the best. Tliey have been made of various forms. A 
cheap, simple case, holding abont six dozen slides, may be had, 
is which the dntwera do not slide in grooves, but lie one above 
the other. T!io only objection to this plan lies in tlie fact that 
ftll the drawers must betaken out if we wish to get at the lowest 
one; bnt where there are not more than a dozen drawera this ia 
not a very serious difBculty, and the compactness, lightness and 
cheapness of the arrangement make it quite a favorite. 

In the English eabinots the slides lie with their ends towards 
'ihe front of the drawer, so that the motiouof pulling the drawer 
oat or pushing it in, does not cause the slides to slip over each 
other. This is a very excellent arrangement, and one which 
we like better than auy other. In the American cabinets as 
hitherto made, the slides lie with the long odgett towards the 
ftont of the drawers, and are prevented from slipping over 
each other by small partitions which divide the rows into 
spaces one inch each in width. This is, theoretically, the most 
perfect arrangement, but it requires a little more room than 
the other. The American cabinets have, however, one feature 
which ia a most important one; The spaces in which the slides 
leet Lave a depression under the ends of the slides, and by 
pressing on the end, the slide is lifted so that it is very easily 
gi'asped. In the English cabinets this feature is wasting, and 
only with great trouble that a tig\i.t\^-6yKa% ^iSiRi i;sm.>afk 
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taken from ito place. Fortunately, anj drawer wbicli is deep 
eoougU, maj LaTo this device applied to it by simply glueing a. 
tLiu Blrip of wood oi- pBateboaril ou t!ie bottom of tlie draiver 
80 08 to raise up the pai't on wliieh tLe slides rest, but leaving 
B space of about tliree-qaorters of an inch under the end of tiie 
slide, into which the latter may be tipped. 

Tlie Maltwood Finder.— This is a moat important ac- 
oessorj to every mioroBoope, oa it not only facilitates inter- 
change of not^ between 
juicroBcopista living at a 
dietance from each other, 
but it enables observers to 
make nii accurate record of 
the position of any object, 
and thus make sure of its 
identity when under ei- 

aniiantioQ at different times. It consists of a glass slip, a lit- 
tle wider than an ordinary slide, upon which is a photograph 
occupying a space 1 by 1 inch, as shown in figure 79. This 
space is divided into 2,500 squares (50 divisions on eaoh side) 
and each of these small squares contains two numbers, one of 
which indicates its position from bottom to top, while the 
other marks its position from right to left. Thus the square 
which lies on the tenth line from the bottom, and the fifteenth 
from the right-hand side, would be -f?. 

TLe method of using the Finderisaa fallows: Placing on the 
stage an object mounted on an ordinary slide, with its lower 
edge against a ledge of some kind, and its left-hand edge against 
a stop (the stop and lodge both being movable as regards the 
stage), we bring some particular spot into view. Bemoviog 
the slide, we now place the finder in its place, and read off the 
two numbers. It is now evident that if at any future time we 
should place the fludet against the movable ledge and stop, and 
bring the same numbers into view, then on removing the finder 
and placing tha slide on the stage and against the ledge and 
stop, which, of course, must occupy the same position that 
they did when the finder was in place, the precise spot origiu- 
allj under examination -wiW \>e in. n\!i-h, ■'JTa can therefore 
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aaailf register the loi^ation o{ ttny object of interest, and bo be 
certain of finding it nt an; fnture time. 

Tha mechanical stage, or tiie ordiniury movable glass stage, 
dsBoribed at page 110, or that Eliawn in Fig. 24 (page 111) af- 
fords epecial facilitieB (or nsing the Maltwood Finder. But un- 
leES fitted iv'itlL some special coutrivaDce, microscopes whicli 
have only (lie ordinary 
clips, ai'e unsuitable for 
this purpose. A movable 
ledge and stop, wliioli 
maj be used with the 
Dommon spring clips, is, 
however, easily devised 
and made. We often use „. g^ 
a simple wooden slide *' 

Tvitli a little projection on the edge near one end. The wooden 
slide must be thicker than the gla&a slide which carries the 
object to be registered, as it is necessary that the springs should ' 
hold the wooden shde firmly in place, while the object-slida 
moves freely below the springs. A piece of vulcanite or hard 
rubber about the eighth of an inch thick and the size of tha 
usual 3x1 glass slide answers admirably. It should have a 
stop fastened to one end, as shown in figure 80, where a is the 
hard inibber slide, and 6 is a small piece of brass, let into the 
end and screwed fast. 

JUicTOscopical MlBinterpretatlons.— The observer 
who uses the compound microscope labors under certain dis- 
advantages which do not affect those who examine laige ob' 
jeots which can be handled, and thus subjected to the scnitinv 
of several senses. The fallacies to which the microscopist is 
liable in this way deserve special attention and special precau- 
tions. We have already (page 198) alluded to certain fallacies 
of another kind, which must be avoided by such caraful and 
extensive Btudv as will enable us to recognize foreign matter 
when we see it; the fallacies liow under conaideration can only 
be avoided by caiefnl stndy of the laws of optics, and by intro- 
ducing considerable variety of methods into our examinations. 
One of these sources of fallacy arises from the liability which 
most persons have to see objects pseudoscopicalty, as it is called 
— that is to say. hollows appear to be elevations, and elevationa 
appear to be hollows. Tiie extent to which this teiidency ex- 
ists is not generally recognized. Taking a gold coin, on which 
the letters, etc., were known to be raised, wo placed it under 
the microscope, and submitted it to seven intelli^cvA, -^ttwOTa, 
" -"^ -f these, £ve dedai-ed that they aaw ftie Wkk. sasic'-Biift J 
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llie moUl; tivo said the; were raised. In objecta too sm&Il 
be tell, aad nliere sections cannot be made, the truth may be 
ascertaiaed bj watching the effect of i-aising or lowering the 
object glass in focussing. 

Anotuor fallacy of this kind has led to the belief that baira 
and many simitar bodies are hollow. Seen under tlie mici-o- 
ficope, B. hair looks juat as if it were a tube — but then, bo does 
a wire, which is known to be solid. The test in this case is to 
make a orosa section of the object. 

The true form of objects may frequently b« tletermined by 
Rtudving' the effect of light and shade produced by sending 
the light ocroRs them in different directions. This is most 
readily effected by means of the rerolvin^ stage, which, for this 
parpose, shonld have very accurate rotatioa in the optic axis. 

The most singular fallacies, however, ai'e those arisiug from 
certain illuaious of vision, which affect every one, and whicli in 
ordinary )>ractice, are easily corrected. For a full account of 
these, tlie I'eader is referred to the works of Eelmholtz; a brief 
account of the most common cases ie given in the Young Scieiitisl 
lor 1881. The one which is of most interest to luicroscopiata is 
the famous optical illusion of Nachet, of which a figure is givea 
below. In the coarse of his examination of the markings on the 
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Pig. 81. — NATOHET'B OlTlf AL II 

p. AngvlcUum, M. Nachet found that if a series of round Llodk i 
dots be arranged on a white ground, as ia Fig. 81, the dots, 
■when viewed from a distance of twelve to twenty inches, will I 
appeftr to be hexagonal, though we know that Ihey are rounil. 
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